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JOURNAL OF GEOLOGY 

JANUARY-FEBRUARY, I90I 

PROBLEM OF THE MONTICULIPOROIDEA. 1. 

THE Monticuliporoidea, comprising the greater part of the 
so-called Paleozoic Bryozoa, are a comparatively neglected group 
of fossils, as evidenced in such ways as frequent omission or 
slight mention of them in lists of fossils or descriptions of 
faunas. They are not, however, really without great scientific 
value, but rather their unpopularity may be due to the fact that 
at present there is a real difficulty for the amateur, the collector, 
or the geologist in making use of them; this difficulty being 
magnified, moreover, by a too readily accepted supposition that 
these fossils are for none but gifted specialists to study. In fact, 
the specimens themselves are very often excellent, the species 
quite easy to learn or to identify, and well worthy of considera
tion as to scientific value in geologic faunas, and the entire group 
is of peculiar interest to biology. 

Aside from the retarding supposition that the Monti~uli

poroidea are difficult, the present difficulties attending them are 
these: (I) the interpretation of the animal that built the honey-. 
comb-structured organic remains is still uncertain; ( 2) the 
monographs in which they are described want censorship; (3) 
study of the fossil involves technique more or less. These 
obstructions are, however, not absolute. It is the aim of this dis
cussion to render them better understood, and hence less feared. 
Vol. IX, No. I. 
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2 FREDERICK W. SARDESON 

Regarding their interpretation, uncertainty exists to the 
extent that all Monticuliporoidea may be contested as not true 
Bryozoa, but Tabulata or Alcyonarian corals, belonging then 
to a different subkingdom of animals. This uncertainty may 
be illustrated as to its attendant difficulties by reference to 
Eastman's I Text-book of Paleontology, Vol'. I, where Prasopora, 
Neuropora, and many other genera appear twice, first under 
Crelenterata and second under Bryozoa; the first following the 
text of Zittel, the second the authority of the translator's col
laborator, who has taken the liberty to make some revision. 

The fact that one cannot assert positively that species of the 
genus Prasopora and other genera were Crelentera:tes or were 
Bryozoons, is due to outward similarity of these two groups and 
obscurity in the fossils as to class characters. Yet structural 
details as to minor characters are well preserved, and hence the 
distinction of species and their grouping into genera is not 
impracticable here more than in many other groups, since species 
may be distinguished clearly in fossils as in living organisms 
without knowledge of phylogenic relation to other classes. 
Ulrich, who considers them all as Bryozoa, and Nicholson, who 
treated them as corals, ought nevertheless to present the same 
determinations as to species, genera, and families. Their failure 
to agree is not due to that cause. However, the former, in 
Eastman's translation of Zittel (op. cit.), presents as families of 
Bryozoa t viz., Calloporid<e, etc.) those which, following Nichol· 
son (vide op. cit., pp. 103-105), are given as genera Callopora, 
etc., of Crelenterata. Understanding this discrepancy, the hand
book is as useful respecting these as other groups, and the fos
sils 'are as easily used under its guidance. The student may 
choose his authority or follow a happy median course. 

The lack of censorship in Eastman's Paleontology, just 
mentioned, may serve to argue further need of it in other places. 
S. A. Miller's catalogue 2 divides the Monticuliporoidea species 

I Text-book of Paleontology, by KARL A. VON ZITTEL, translated by Charles R. 
Eastman, 1900. 

• S. A. MILLER, North American Geology and Paleontology. 
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PROBLEM OF THE MONTICULIPOROIDEA 3 

between Crelenterata and Bryozoa. Of other chief works, 
especially those of Nicholson,' we may trust E. O. Ulrich to have 
criticised them fully. They are conservative and excellent, but 
inadequate for the study of American fossils without the mag
nificent recent monographs by E. O. Ulrich' to supplement 
them. The last named, together with the chapter on Bryozoa 
in Eastman's Paleontology, would have offered a complete solu
tion to the student for the study of the fossils and the involved 
problem of their affinities, if it were not for much obscurity in 
his definitions. One is compelled to criticise and to interpret 
anew from the fossils when endeavoring to follow him. In this 
connection it should be said also that the severe criticism of E. 
O. Ulrich, by S. A. Miller, op. cit., while touching his works on 
Paleozoic Bryozoa, does not appear to reach by censorship of 
the species this group as much or as well as other ones, for the 
reason, evidently, that his knowledge of them did not permit 
him. Therefore,. while all species are listed as equally valid, 
some will be found, nevertheless, t9 have been made upon wholly 
insufficient evidence and require to be freely eliminated. The most 
species will again be far easier to identify than their descriptions 
would lead one to expect. It appears, in short, necessary to 
admit the value of some earlier criticism 3 of this author, and to 
expect to find similarities and differences described with acute
ness, while fanciful v~lues are frequently attached to them. 

Regarding the handling of fossil Monticuliporoidea, one 
should collect all specimens and in the laboratory select the 
better preserved ones to begin with. These may be assorted 
and. identified by means of external characters. A common 
hand lens will suffice to reveal whatever may be not clear to 
the naked eye. To be sure, the exhaustive study of the material 
requires the making and use of thin sections when practicable, 
for often only by that means can the also important internal 

I H. A. NICHOLSON, On the Structure and Affinities of the Genus Monticulipora 
1881. 

" Geol.Surv. Ill., Rept., Vol. VIII, and Geol. Surv., Minn., Final Rept., Vol. Ill. 

3 ROMINGER, Amer. Geo!., Vol. VI, pp. 103 and 120, 1890. 
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4 FREDERICK W. SARDESON 

structure be discovered. The use of thin sections is, however, 
necessarily limited to special cases. These would be when a 
new species is in hand and all characters possible should be dis
covered; or, when a described species is illustrated and described 
chiefly as to its internal structure, which too frequently is the 
case; or, when the external characters have been obliterated. 
Having identified the species and referred it to a genus, etc., by 
use of all characters, further recognition of specimens of the 
same can and should, with rare exception, be made to depend 
on external characters alone. As in studying Brachiopoda, for 
example, one must know them by external characters, even 
though examination of internal structures is required to deter
mine affinities of the species. 

The advantage of learning to recognize the species, genera, 
etc., by external characters is in the saving of time, since thou
sands can be examined in that way, while sectioning limits the 
labor of one man to at most twenty specimens per day; knowl
edge of the range and variability of one and many species is made 
practicable; it serves to direct to best advantage the use of thin 
sectioning; recognition of species even in the field becomes 
thereby entirely practicable. Having learned to know a group of 
species, or the fauna of a locality or of a zone, the specimens 
may be identified thereafter without the use of sectioning, and 
the difficulty of technique may be obviate~ by the geologist. 

Thin sections of fossils may be made by the same process 
as bone or rock sections are ground, which need not be described 
here. It requires less skill, however, since they should not be 
ground to absolute thinness. Some simple appliance for meas
uring the cell dimensions is also needed. 

Pains may be saved by attention in collecting, since each bed 
or zone may have a large proportion of species peculiar to it, 
and by avoiding mixing fossils of different zones, labor of again 
assorting is saved. 

TREPOSTOMATA 

A few selected species may illustrate what is to be looked 
for in Monticuliporoidea. Beginning with Trepostomata one 
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PROBLEM OF THE MONTICULIPOROIDEA 5 

then has to do with the most problematic as to affinities of the 
so-called Paleozoic Bryozoa, i. e., those which most resemble 
corals, proceeding then to those often supposed to be true 
Bryozoa, the Cryptostomata. Eastman's manual,op. cit., includes 
them in the arrangement given below, and in the Order Gymno-
13!mata, which comprises most Bryozoa and all known fossil 
ones. Of those five divisions, the last named, Chilostomata, are 
all undoubtedly Bryozoa, but are not kn.own in the Paleozoic 
rocks. The first, Cyclostomata, are, with few possible excep
tions, all true Bryozoa, but few of them are Paleozoic. The 
second, third, and fourth comprise the Mo~ticuliporoidea. 

I. Cyclostomata (8 families). 
2. Families doubtfully referred to Cyclostomata (4 families). 
3. Trepostomata (7 families). 
4. Cryptostomata (8 families). 
5. Chilostomata (13 families). 

In that arrangement those of doubtful affinities are embraced 
between the true Bryozoa. A fairer presentation of the problem 
may be given thus: 

Tabulata (corals)--Trepostoinata (?)--Cyclostomata (bry~zoa) 
I I 

Cryptostomata (?) Chilostomata (bryozoa) 

and it is in such association that the Monticuliporoidea should 
be studied. The group of .. Doubtfully referred to Cyclosto
mata " are Trepostomata. 

Beginning with one of the simpler Trepostomata, 
Monotrypa magna Ulr. has a skeleton or zoarium one or two 

inches in diameter, composed of tubes or "cells" which radiate 
from an approximate center. It is nearly spherical if growing 
attached on one point, or discoid if on a flat surface, or, again, 
irregular. The center is the initial or oldest part, and from it 
one, or practically several, cells arise, and as these extend, 
others intercalate successively. A specimen divided radially 
(Pl. A, Fig. 2) shows parallel, approximately equal, cells, each 
tapering to a point at the inner end. The plan of growth is that 
of increase in number of cells proportionate to the increase in 
size of the zoarium. At the surface, the open cell ends are 

Digitized by Google 



6 FREDERICK W. SARDESON 

JOUR. GEOL., Vol. IX, No. I Plate A 

7 
1 

, I 

4 

"a d Cl 

bW c 

8 JO '8 

9 11 11 

Digitized by Google 



PROBLEM OF THE MONTICULIPOROIDEA 7 

approximately equal, and, like the cell throughout, are polyg
onal or hexagonal by reason of contact (PI. A, Fig. I). The 
incipient or expanding parts of cells are seen there as small tri-, 
or quadrangular openings at the angles between the older, larger 
cells. Crowding of the cells appears to prevent entire regularity 
in shape and size of each cell, and the walls are crenulate. 

In speaking of cell one includes for each the half of the 
bounding wall, although the walls originally are dense, amalga
mated, calcareous structures, not double further than that they 
were built not only by increment upon their margins, but also 
on the two surfaces. Theoretically there is a boundary plane or 
division between cells midway in the wall. They frequently 
split midway in the wall when fractured. The walls in this 
species are thin and show little or none of their growth struc
ture. At a slight depth within each cell the last growth incre
ment or layer crosses the cell opening and forms a transverse 
partition or false bottom, the so-called tabula. Tabulre occur 
successively in all cells more or less regularly, but not corres
ponding in neighboring cells. They are a little more numerous 
in the incipient part of each cell. The wall edge of one cell 
cannot extend above those of its neighbors, from which it never 
separates . 

. The zoarium corresponds in structure to the following sup
posed manner of growth: It was covered when alive by numer
ous equ~l sized zooids which coalesced laterally, the lower part 
of each, however, extending into and secreting the walls forming 
the cell or zorecium. Young zooids arose ,among them and, 
growing, extended relatively downward, building a new cell; the 
increase in number of zooids and, respectively, cells, being com
pensated by a necessary growth in radial length of cell wall to 
increase the surface of the inhabited zoarium. The tabulre indi
cate successive planes where the bottom of the zooid rested 
between periods of necessitated self-extraction from the ever 
too long cell. 

E. O. Ulrich assumes that the cells are "Zorecia, directly 
superimHosed upon one another so as to form long tubes 
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8 FREDERICK W. SARDESON 

intersected by straight or curved partitions . . . " That inter
pretation appears in form of a definition only; and not knowing 
how it could be applied to the initial part of cells, respec~ively 
young zooids, which then must be supposed to have required 
several generations to reach maturity, the other interpreta
tion will be kept for the present, viz., that each cell is one 
zocecium. 

Variation. in such species as this one would consist in the 
zoarium growing in one part more than another for some cause, 
being one-sided; or it is discoid because of perigene growth, i. ~., 
the cell increase is greatest around the margin; or, again, it is 
aerogene. The surface upon which it grew affected its growth 
also. The cells remain nearly uniformly large, the number of 
young cells seen at the surface varying. The cell walls appear 
uniformly thin. 

Those characters are seen at the surface or in transverse thin 
section. Longitudinal section would show the tabul:e to vary, 
being fewest where cell length most rapidly increased, and the 
slightly differing rates of expansion of the cell initial. The 
atter character can also be estimated at the surface. Other 

species near to this one are in various ways more complex. 
Thus; 

Diplotrypa limitaris VIr. has nearly the same manner of growth 
as Monotrypa mag'1Ul, differing in smaller size of cells and shapes 
of their apertures at the surface (PI. A, Fig. 3). Here the 
number of immature cells nearly equals that of the mature ones. 
Longitudinal section shows that the young or initial part of each 
cell is long, slowly expanding, or even for some length not 
increasing, then quite quickly becoming full-sized, mature (see 
Fig. 4). The tabul:e are closer in these initial parts, tech
nically called mesopores. The plan of growth thus differs from 
that of Monotrypa mag'1Ul in that in the latter new cells appeared 
only as fast or numerous. as they were to develop into mature 
cells. In Diplatrypa the new cells appear too rapidly, so to speak, 
and await their turn to expand into full size; hence the more 
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numerous small cells, mesopores, among the full-sized auto
cells at the surface. The calycal or open part of the cell is shal
lower in small cells or mesopores than in the larger ones, and. 
that is true in all Monticuliporoidea. AI!;o the autocells crowd 
the mesopores so that the former tend to become circular at the 
expense of the latter. 

Caltopora multitabulata Ulr. began like a Mesotrypa, but acro
gene growth obtained (PI. A, Fig. 5), the zoarium being long, 
cylindrical, branched, arising from a basal discoid expansion. 
The tips, or apices, are only then like small Mesotrypa. The 
greatest growth of zoarium and cell increase was at the zoarial 
ends, and there the cells increase centrally, so that some were 
being crowded away and turned their apertures to the peripheral 

'surface, i. e., away from the axis of growth (PI. A, Fig. 6, c) . 
The grown zoarium is thus composed of two regions, the axial 
or .. immature" region of vertical cell part (Fig. 6, b, a), and 
the peripht:ral or .. mature" of laterally directed cell (Fig. 6, 
c, d). In the peripheral region the cells grew slower in length, 
have thicker walls and more numerous tabulre, and there are 
more mesopore cells. The apical parts also become finally slow
growing, thick-walled, with many tabulre and many mesopores, 
and it is evident that the zoarium grew rapidly to nearly full 
size; then a retarded or .. mature" growth followed. Renewed 
rapid zoarial growth and a second retardation stage often occurs, 
wherefore the terms immature and mature regions are pre
sumptious terms. Peripheral and axial regions are better, since 
they leave the degree of maturity to be described. Upon the 
thick-walled peripheral and apical part there occur at nearly 
regular intervals elevations called monticules. These are occu
pied by a small group of larger-sized, cells with mesopores or 
young cells. On the thin-walled or growing apex, and hence in 
the axial region, these are represented by a group of likewise 
slightly large-sized cells, with abundant mesopores, resembling 
less distinct cell groups occurring in Monotrypa, etc'. Nicholson 
proved monticules to be points of greater cell increase, and while 
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young cells may appear at any cell angle, their increase is great
est in the monticules or cell groups. In renewed rapid growth 
the peripheral monticules tend to develop into branches of the 
zoarium, but of course all could not. Thus monticules are simi
lar to zoarial branches, but are not branches normally. Branch
ing of the zoarium is due to double region of aerogene growth 
only. 

The tabula! of Callopora multitabu/ata are thin, and the last 
one is near the cell aperture, and is said to be perforated at the 
center (vide Eastman, op. cit., f, 456 d) . They are nearly always 
solid. Rigl,lt here is the chief supposed basis for the interpreta
tion of Trepostomata as Bryozoa. According to E. O. Ulrich's 
definition (p. 271, Eastman), each tabula was the perforated top 
of one zorecium and solid bottom of the next. In fact, the 
thickened walls here show only that the growth increments' 
lengthening the wall co~tinue on either side downward, thick
ening the wall, and thence as tabula! across the cell opening. 
Further is not seen. Perforate last tabula! may be incomplete 
ones. 

The characters for distinction of the species are, therefore, 
mostly visible on the exterior j the shape of zoarium and its 
branches, shape, size, and shallow depth of the cells, characters 
of the monticules, the number, size, and shape of mesopores, and 
thickness of the wall. All these characters vary, and the varia
tion of all should be noted in learning the species. Extremes 
may be associated on parts of the same specimen. 

Prasopora simulatrix VIr. grew upon some solid surface, at 
first lens-shaped, later conical (PI. A, Fig 7), hemispherical. or 
irregular, expressing slight tendency to aerogene growth, united 
with moderate established perigene. A short finger-shaped or 
a branched sporadic aerogene growth occurs sometimes, and 
this usually at the center. If the colony died off in part, the 
remaining part then developed, overspreading the old. Even a 
symmetrical zoarium could develop from the irregular fragment 
of another. The cells radiate from the flat or concave lower 
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side to the convex upper one, the lower side being covered, if 
well preserved, by a thin "epitheca" or coating produced by no 
one zooid, but by the cortex uniting all. The growth of the 
epitheca was, of course, marginal. At this margin, close on the 
epitheca, there was rapid budding of young cells, some of which 

. became quickly full-sized; others became mesopores. At the 
periphery the cells open obliquely to the zoarial surface. Above 
it all apertures are more direct. 

The number of mesopores in this species (PI. A, Fig. 8) is 
so far greater than that of the autocells that relatively few of 
them can become autocells. They are fewest proportionally in 
maturer zoaria, and appear to be homologous with those of 
IJiplotrypa, only smaller, longer, and, so to say, more perma
nently meso pores. The numerous small, angular, or impressed 
mesopores, with shallow openings or calycals, surround the 
rounded apertures of the thick-walled autocells, making an 
easily recognized figure at the surface. At intervals occur clus
ters of cells larger than the average, with more numerous 
mesopores between them, and thicker walls. They form low 
monticules, or on weathered specimens high ones. They are 
areas of rapid cell increase. 

The mesopores have numerous transverse tabula:: (PI. A, 
Fig. 9). Those of the autocells are numerically proportional. 
considering the cells' size, but they curve obliquely across, or 
oftenest form cystiphrams, i. e., the tabula:: in the most regular 
instances are narrowly beaker-shaped, and are arranged in the 
cell as nested equal-sized beakers could be in a tube. The fiat 
bottoms have been called diaphragms or tabula::, the sides cysti
phrams. Often the cystiphram extends only partly around the 
cell, and partly the same lamina is incorporated with the cell 
wall. Cystiphrams appear to indicate that the zooid body with
drew simultaneously, or nearly so, from the calycal bottom and 
side, or sides, near the bottom. 

The cell wall margins here were not all straight since, acan
tkopores occur. These are minute wart-like structures or thick
enings on the cell wall margins, especially at angles, and were 
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presumably built into corresponding invaginations of the living 
cortex. They are not cells or pores, but have been supposed to 
be, hence the name. They are inconspicuous in this species or 
even wanting, and will be discussed later. 

Characters sufficient for the determination are upon the 
exteri'or in this as in related species. The peculiar cell pattern 
can be readily distinguished from structurally very similar ones. 
The variability in cells, acanthopores, etc., will however be found 
greater, and there are fewer true species of the genus than 
recorded. Other species of Prasopora have more perigene 
growth, or, again, acrogene ones are the Monticulapora. 

Homotrypa minnesotensis VIr. has long, round, slowly-branch
ing zoarium, with many specific marks as to cells, monticules, 
etc. Fossil stems are in part or entirely hollow, because the 
axial region has very thin crenulous walls without tabul:e, hence 
the sea water could enter and eat away the walls, leaving, if 
anything, the thicker-walled tabulate peripheral region. The 
peripheral cell has cystiphrams similar to Prasopora. 

Batostoma fertile Ulr. consists of large, flattened, or round, 
somewhat irregularly branching acrogene parts, arising from a 
large basal expansion of irregular perigene growth. A single 
basal may support more than one or, again, no acrogene part; but 
as in Callopora a thick walled maturity follows the thin walled, 
immature stage. Thus the characters of peripheral and axial 
regions are evident when there is even no acrogene growth. 
Omitting some details, the peripheral region has thick walls on 
which are well-developed spines, acanthopores. Mesopores may 
be very few or, again, very numerous on parts of the same 
specimen (PI. A, Fig. IO,a, b) . Theyare" closed," i. e., their tab
ul:e built close up to the apertural margin, by which the meso
pores, being shallow or confluent, look like closed interspaces 
merely between the rounded auto cells. The cell clusters, which 
are in place of monticules, have macula, i. e., clusters of meso
pores at their center. The young cells of the axial region 
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expand ·quickly, and are scarcely tabulated and very unlike 
mesopores of the peripheral region, and they are not called 
mesopores. The mesopores of the axial region are not imma
ture cells but permanently retarded ones. 

With this species is conveniently compared B.(Hemiphragma) 
ottawaense Foord, in which the thin-walled axial and thick-walled 
peripheral regions ,,:re sharply defined, as seen in thin section or 
in fractured specimens. At the stage when peripheral region is 
just begun one sees characters very like B. fertile, but later the 
walls thicken more, the mesopores are obscured, closed, or filled, 
while the maculose-Iooking monticules show strongly diverging 
cells, indicating slow growth in cell length compared to width. 
Acanthopores developed. The tabula! are peculiar, being often 
thickened and incomplete, hemiphragms, in the peripheral 
region. The whole wall in the fossil is corneus looking. They 
show the result of a decrease probably of calcareous constituent. 

Eridotrypa mutabilis Ulr. includes rather small, long, branched, 
aerogene zoarial parts in which, as seen in cross fracture or sec
tion, the cells are larger in the axial region than in the periph
eral. The cells turn very slowly in the peripheral region, so 
that the apertures are oblique to the surface and drawn out 
anteriorly. Then, as the cells become more direct, the walls 
increase steadily in thickness, and in very "old" specimens 
distinctly cup-shaped calycals form (PI. A, Fig. II). The 
thickened wall permits analysis into the bounding edge with its 
projection downwards, as dividing lamina, and the calyc~l slope 
and the main wall below it (cf Fig. I, h, p. 21). 

Anolotichia impolita Ulr. has irregular large aerogene zoaria, 
with large cells of quadrangular rather than polygonal outline, 
and with few mesopores, reminding of M01UJtrypa magna (PI. A, 
Fig. 12). The axial and peripheral regions are scarcely distin
guished. In the latter stage there are, however, lunaria developed. 
The lunarium occurs in the posterior side of a full-sized cell as a 
narrow, distended part of the cell. The term lunarium has been 
applied rather to the lunarial wall, which is narrowly arcuate or 
crescentic. Where the lunarial and common cell walls join, in 

• 
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this species, the angles project inwards, as if produced: More
over the lunarial wall is a little elevated at the surface, making 
it appear as a distinct wall, but it is really part of the wall 
deflected and extended. I have searched in vain for the sym
metrical crescent that has been figured as the lunaria I structure 
of this species. It appears really to be somewhat irregular, 
bearing tooth-like points, the downward projections of which 
appear lucid in thin sections, and are the" vertical, closely-tabu
lated tubes" described by the author of the genus and species. 
These same lucid spots in sections crossing calcite-filled cells 
are very deceptive, appearing like pores. In clay-filled cells 
they appear clearly as parts of the wall. They interrupt the 
median wall and confuse in color with the outer laminre, these 
lighter parts being also of the same color as calcite infiltration; 
hence the deception in the fossil. 

Fistulipora carbonaria Ulr. is of common, massive growth. Its 
auto cells are rounded, with here and there one having a slight 
distension, as if a lunarium was developed with minimum dis~ 

tinctness. The autocells are separated by angular, large meso
pores in single series, except in the clusters or maculre, where 
they are more numerous. The walls around autocells are thick, 
while those between mesopores are very thin, low, and scarcely 
above the last tabulre; hence the appearance is that of isolated 
autocells with raised "peritreme." Longitudinal section shows 
the mesopores to have arched, numerous tabulre, appearing thus 
as ves~culose filling, or "ccenenchyma" between the autocells. 
New auto cells arise abruptly, displacing one or more mesopores 
in the midst of mesopores, i. e., " ccenenchymal gemmation." 

Stellipora antkeloidea Hall encrusts shells, etc., growing 
laminar or massive, a centimeter thick. The surface is crowded 
with stellate monticules about 2.Smm wide, each consisting 
of a central, six to twelve-rayed, depressed, quite smooth, 
macula, and around this, between its rays, an equal number of 
ridges which are highest at the inner end and slope outward to 
the interspace. Sometimes additional ridges occur midway 
between the outer ends of the primary ones. The maculose 
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area, as proved by sections, is composed of large, angular meso
pores, and the ridges exclusively of rounded autocells, these 
tending to arrange in two rows, with the walls between the rows 
a little raised and straightened. The space between monticules 
is small and occupied by meso pores around a few single auto
cells, and groups of two, three, four, etc., cells or incipient 
ridges. In longitudinal sections the close tabula! only distin
guish the mesopores at first, but they soon become vesiculose. 

This description is taken from specimens from the" Trenton 
shales" of the Northwest. The species is very rare as com
pared to the acrogene ones generally called Constellaria. 

DISCUSSION OF TREPOSTOMATA 

A few species suffice to illustrate the general characters of 
Trepostomata, and the further detail may be explained by them. 
In this manner of beginning with a few representative species, 
proceeding thence to the study of the several characters recurring 
in the whole group, the perplexing taxonomic definitions may 
be obviated. 

The growth habit or zoarial form is fairly constant in the 
species, but very various beyond that taxonomic limit. The 
approximately hemispheric zoarium, with its cells radiating. and 
multiplying with growth from an initial point, may be taken as 
the central or composite or primitive type. Next, species with 
an established tendency to grow fastest around the base develop 
the flattened massive type. Others, more perigene in degrees, 
connect with the laminate or encrusting, in which perigene 
growth is near its practicable extreme. 

On the other hand, the hemispheric form, by increased 
acrogene growth tendency, becomes the digitate, and finally 
dendroid branched. But, as a rule, the acrogene zoarium has a 
perigene basal expansion, and every degree of form might be 
pointed out from the conical (PI. A, Fig. 7), in which moderate 
acrogene and perigene combine, to the strongly aerogene form, 
with more or less extremely peri gene basal (Fig. 5). As to the 
basal expansion, it may be massive, laminate to encrusting. It 
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may in some species support two or more acrogene growths, and 
in just these cases also the acrogene part may be small or want
ing, arguing that the basal expansion might have been the origin 
of some strictly perigene species, the acrogene part being wholly 
suppressed. The laminate form may have again become massive. 
Finally, an acrogene growth may be round, compressed, flattened, 
frond-shaped, or bifoliate. In short, the series between zoarial 
forms is very complete, and genetic relationship between the 
most extreme forms may be presumed. The lines of evolution
ary development have never been traced, however, and they 
evidently cross or parallel in a confusing manner; hence t.his 
character is of taxonomic use in species chiefly. . 

The different zoarial forms result not from changed shape and 
size of the component cells, as one can· readily observe in similar 
zoaria of extremely different cells, but, as seen firstly in varia
tions of a species, it results from increase of cells, the region of 
·greatest cell increase being that of greatest zoarial growth, and 
inversely. The change of zoarial form, nevertheless, must be 
made to explain the change of cell as seen in different regions 
in the same species. Thus, in the acrogene growth, where the 
cells are turned from the axis of rapid growth to the peripheral 
slow growth region, it changes markedly, becoming thick walled, 
closer tabulated, etc. (PI. A, Fig. 6, c). Noticing that the cell 
apertures do not spring apart under any circumstances, and 
presuming that this is because the respective zooids were bound 
together by a cortex, it can be understood how the same cell 
can be different in two parts, and why there are certain differ~ 

ences in cells. Thus, the tip of an acrogene zoarium, like a 
hemispheric or massive zoarium, has the cells subparallel, length
ening as new cells develop, so that the surface or circumference 
widens and the radIUS or cell.length increases proportionately. 
But as a cell turns into the peripheral region it comes into a 
zone of more restricted circumference and radial lengthening; 
hence the cell is shorter, thicker-walled, and closer-tabulated. 
Moreover, the cell-increase lessens to some degree, which further 
restricts the circumference and radius with added effect. In the 
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latter way the apex of branches often retarded building thick
walled and close-tabulated cells, and sometimes the basal expan
sions did likewise; and it is evident then that a kind of zoarial 
maturity exists, simulating if not derived from the" peripheral" 
stage. Further, specimens in which a mature stage has developed 
at the apex may renew axial growth and cell characters, a sec
ond maturity following, by which it would seem that environ
mental causes have had to do with the time of maturity. 

In a specimen of En'dotrypa mutabilis Ulr. at hand, a fortuitous 
branch has arisen from the mature region instead of the axial, 
and consequently a cell can be traced as axial, peripheral, axial, 
and peripheral again. Injured or broken zoarial parts are com
monly renewed by thin (axial) cell growth, even in the periph
eral region, a stolon-like expansion first overspreading the 
dead area. In perigene growth also t~e young cells arising at 
the margin are at first more prostrate than later, giving rise to a 
basal stolonal region, and in thin, laminar, or encrusting forms 
it is very distinct. In these cases the stolonal has been said to 
be probably the homologue of the axial immature region of 
dendroid zoaria. The stolonal and immature regions in these 
may coincide, but it is wrong to assume that they do in other 
and all cases. The stolonal part need not be considered as 
coordinate with the developmental peripheral and axial regions. 
It seems, in fact, unnecessary to attach any genetic significance 
to the stolonal region further than that it is incidental to perigene 
growth. 

In a given species one specimen larger than the other may 
be so either from more vigorous growth, as seen in larger axial 
or immature region, or from longer continued growth, as seen 
in thicker peripheral or mature region. 

Cell increase is, as a rule, intermural, i. e., young cells begin as 
small, round pits in the wall at the angle between three or more 
older cells. The reproduction or budding of zooids doubtless 
took place in the cortex above the zoarial skeleton, and only 
later the young zooid comes to build a cell, which, however, 
from its initial, has its own wall, i. e., wall-half. The youn'g cell 
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becomes triangular, quadrangular, etc .. in proportion as it grows 
. large enough to neighbor on three or more cells. Young cells 

have shallower calycals and are generally closer-tabulated, but 
proportionate to their size, as compared to mature ones. The 
number of young cells in proportion to large ones affects the 
cell pattern at the surface. This is especially notable when the 
simplest case of rapid, direct, continuous expansion of young 
cells is contrasted with that where" mesopores" are numerous 
(Plate A, Figs. I and 10). 

Mesopores are said to be present if the young cells when 
about half-grown in diameter, retard or cease their expansion, 
but, of course, continuing length growth. If the mesopore 
stage of cell is short, few mesopores, if long, many mesopores, 
are present. They may outnumber the autocells so greatly that 
a small proportion only could become autocells. They may be 
more numerous in the peripheral, mature, or retarded cell growth 
region. Again, as in Prasopora simulatrix many meso pores 
remain such while other newer ones develop to autocells. Yet, 
apparently any mesopore may finally become autocell. They 
are, however, something more than retarded young cells, in case 
like Stellipora (Constellaria), where the angular mesopores are 
rather larger instead of smaller than the rounded autocells. 

The more distinct the meso pore development the more sub
ordinate they appear to become. The autocells are angular from 
contact with each other or young cells, but rounded when 
crowding mesopores, the latter alone remaining angular. Also 
the meso pores become shallow, the tabula! developing close to 
the wall margin forming" closed" mesopores, or they even 
filled solid with superimposed tabula!; or the tabula! overlap the 
walls, forming" vesiculose" structure. Autocells arise, displacing 
several meso pores at once, "cc:enenchymal gemmation," in some 
species with vesiculose or even regular mesopores. • 

Monticules, as Nicholson pointed out, are rapid cell increase 
areas. In simplest cases they appear at the surface as mere 
small elevations or more or less elevated clusters of slightly 
larger sized cells, among which young cells are seen except 
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rarely in a growth retardation stage. A few young cells or 
mesopores are present, or many mesopores, or again aggre
gated meso pores between the cells are found in some species, 
or exclusively mesopores form maculce or large aggregates in 
other species, with or without surrounding major-sized autocells. 
The elevated clusters are the typical mont£cules. The extreme 
degree of elevation is expressed by the name monticule. Mac
ulose ones or .. maculce" are nearer plane or slightly depressed. 
Exceptionally a typical monticule may extend like a ramulet, in 
which case it is probably to be considered as such,- a fortui
tous acrogene growth having sprung from the area of one monti
cule as it might also have from that of several. 

The monticules are distributed on the zoarial surface more or 
less regularly, new monticules arising from the widening inter
vals, and never, apparently, one monticule from another. The 
function of the zooids that built the major autocells is unknown 
if it was different from that of others. The only discernible 
peculiarity of the monticules to which a special function could 
be assigned is their more rapid reproduction or cell increase 
than the interspaces. In this respect they resemble the acro
gene growths or the axial region, and when very prominent they 
might suggest an origin as retarded branches, but no unques
tionable transitional forms to these are known to me. They 
differ from branches in their size and in relation to the zoarium 
as a whole; for, if monticules produce the more new cells, 
their interspaces produce the less, the zoarium being unchanged; 
while, on the contrary, growth of branches comprises essen
tially the zoarial growth as well as the maximum increase of 
cells. 

The surface pattern, as shown, is very diverse. The average 
size of cells in a species is quite constant, but in different spe
cies differs several diameters. The form of aperture, quad
rangular, polygonal, to rounded; the relative size and numbers 
of young cells and mesopores; the monticules and maculce of 
varied sty Ie; all these form conspicuous essential characters by 
which species can be recognized. The calycals, too, are deep 
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or shallow, relatively, in different species. The autocell walls, 
which are thin and then more or less thickened, give respec
tively polygonal or rounded calycals, since the thickening is 
greatest at the cell angles. A beveled wall edge or impressed 
rim around the cell aperture gives it in many a saucer-shape, 
especially when the walls are very thick (Plate A, Fig. II). 

Acanthopores or warts may be present on the walls, usually 
at cell angles. A lunarium, when present, gives the cells another 
peculiarity. The lunarial wall and the acanthopores are, how
ever, mural modifications, and will be explained in that con
nection later. 

Thin section is quite necessary to bring out the wall's 
structure. The walls are dense. If thin they may show no 
differentiation; yet, if a specimen split, the cleavage may pass 
longitudinally and so as to leave part of the wall attached to 
each stone core, which fact has been taken to indicate that the 
wall is always structurally double! Presumably the wall is built 
double always, i. e., the increment on the margin is continued 
within every calycal, the wall being thus double with a median, 
third part, which is, however, not known to be double. A thick
ened wall tend!' to show greater differentiation, both in structure 
and composition, than a thin one. The median wall may 
appear either distinct or not, and correspondingly the striping 
parallel to the wall's surface when seen, showing the laminre 
of growth, is either interrupted by the median wall or more or 
less distinctly crosses continuously from one side wall to the 
other. 

To explain the structural aspect of acanthopores in thin sec
tions, the following analysis may serve. A distinctly double 
wall shows the median wall as a line in transverse section (Fig. 
I, a) and when the wall edge is scalloped (Fig. b) the median 
line appears interrupted in section (Fig. c), corrresponding to 
the angles. A rounded wart (Fig. d) would produce a similar 
effect (Fig. e); or, if very distinct, as in Fig.! When once 
begun, the wart may have its own growth, so to say, independent 
of the wall thickness (Fig. g), becoming so large as to appear 
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to have displaced a young cell or mesopore. Such a large 
acanthopore inflects the cell wall, forming a vertical rib or 
pseudoseptum as a rule. No doubt the acanthopore end, or wart 
on the wall, extended to fill an invagination in the web or cortex 
which bound the zooids to which the cells belonged. Explana
tion of the cause of such invagination need not be attempted 
here. But it may be added that the walls were evidently built 
by surface secretion, and that the growth of a projecting wart 
would be accumulative as compared to a plane surface, other 
things being equal. This may explain why acanthopores are 

FIG. I. 

often so independently large. A scalloped or saw-edged 
wall would not develop so. The transverse of a wall would, 
however, if the zooids and cortex did not draw upwards fast 
enough to prevent it. Thus a wart thickens in two dimensions 
to the wall's one. Since, however, the wart is on the wall, it 
receives below the wall thickness also, and hence acanthopores 
might well be four or more times the thickness of the wall from 
result of secretion alone. In fact, it is necessary to explain why 
the walls, etc., can be very thin, which is evidently because the 
zooids drew forward rapidly. 

I t is fair to presume that structural differentiation of the 
wall may be accompanied by difference in composition; and that 
may explain why the elevated lunarial wall may be different 
colored and textured than the main wall; or, again, lucid vertical 
lines or "lunarial tubuli It only are different, these being the 
vertical extensions of tooth-like elevations on the lunarial wall 
rr.argin. Acanthopores show similar differences. Such structures 
might be mistaken for mural pores in thin sections. Mural 
pores do not occur. 
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Tabulre perhaps need no special mention; their character 
as the successive bottoms of the calycals is entirely evident 
(Plate A, Fig. 2, and Fig. I, h, p. 21). In structure, if any 
be seen, they are one-sided. E. O. Ulrich has observed the 
very rare occurrence of perforation or circular opening in the 
last tabula, which he interprets to prove that all other tabu Ire 
are double, comprising the amalgamated cover of one zorecium 
and bottom of a next superimposed zorecium. In absence of 
any substantiating evidence it is better to take the most direct 
explanation, which would be that the observed perforated tabula! 
were left incomplete by the death of the colony. Indeed, in 
Hemiphragma, the tabulre of the cells in the peripheral region 
are all left incomplete or were imperfect as to calcareous struc
ture. The surfaces of tabulre are sometimes papillated, and these 
again, like the acanthopores, simulate perforations in the fossil
ized specimen. 

As a rule, neighboring cells do not have corresponding 
tabulre, either in position or number. In any species or individ
ual they are approximately regular in position and numbers, 
but never quite so. In different species the number ranges in 
extremes from none, as seen in the axial region of some species, 
to very many in others, or even to a compacted papillose mass 
filling the cells, or especially the mesopores in some thick-walled 
forms. There is no unit form and size of loculus assignable, 
which argues very strongly against any theory that the succes
sive loculi represent superimposed zorecia. The clearer inter
pretation is that each cell was built by one zooid. Tabulre are, 
as a rule, very thin; and tabulre wanting and tabulre thickened 
are opposite degrees. Individual variation and specific differ
ence in number and thickness of tabulre may be ascribed to 
difference of growth and to secretion of substance. Difference 
in form, such as the cystiphrams (Prasopora) , are ascribable to 
shape and size of the zooids' base; and vesiculose mesopores, to 
shallow or closed calycals from short zooids, and to their shift
ing, possibly, also. 

• 
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AFFINITIES OF TREPOSTOMATA 

Regarding the affinities of the Monticuliporoidea as a whole, 
the evidence uniting these to the Bryozoa on the one side, and 
to Tabulata or Alcyonarian corals on the other, does not lead to 
a compromise conclusion that they really were related to both as 
an intermediate or connecting link, because, as will be seen, the 
interpretation of the zoarium necessary to unite them with the 
one is discordant to that necessary to unite them with the oilier; 
and because of evidence to the contrary from the embryology 
of living Bryozoons and corals. Discussion is therefore confined 
to the question whether the extinct Monticuliporoidea are 
Bryozoa or Crelenterata. 

In relation to Bryozoa, the problem begins with the Treposto
mata section, some or all of which have been variously and 
doubtfully referred to Cyclostomata; and this order of Bryozoa 
is extant. The reference involves comparison with. the sup
posed Cyclostomatous genera Neuropora and Heteropora, of which 
we are yet uncertain. Gregory I refers these as typical Treposto
mata, not Cyclostomata. The question rests mainly upon the 
fossil and recent Heteropora which Nicholson 2 has thoro'ughly 
discussed and which, as it appears, simulates Trepostomata, but 
has many transverse mural pores and other differences. Tre
postomata must therefore be proved to be Bryozoa and Hetero
pora likewise to belong to Trepostomata, before they can be 
united with assurance. Gregory's reference needs proof and 
affords no evidence, but expresses well perhaps that we are uncer
tain of all. Passing to the comparison of Trepostomata with 
undoubted Bryozoa, this requires knowledge of the extinct 
Cryptostomata, which must in turn be compared with Bryozoa; 
and discussion of that part of the problem will therefore be 
deferred to the section on Cryptostomata. 

In relation to Tabulata or Alcyonarian corals, Trepostomata 
may be compared immediately. In the first place, such forms 
as MOIwtrypa compare with Chatetes, a massive zoarium of small, 

'Catalogue of Jurassic Bryozoa. p. 193. 1896, 

• Structure and Affinities of the Genus Monticulipora. p. 62, 
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tabulated, thin-walled, polygonal cells. CkfEtetes has compara
tively lighter colored, probably more calcareous walls. Its cells 
increase only by fission, while intermural "budding" obtains in 
Monotrypa. It is said, however, that fission occurs rarely in 
Monticuliporoidea, which leaves a difference in degree only 
between these two. CkfEtetes is extinct, but is referable only as a 
coral. It indicates that the Monotrypa, Monticulipora, etc., are 
corals; but that the family CkfEtetidfE should contain Monticulipora 
seems doubtful when Fistulipora is placed in a family of its own.' 
Certainly Prasopora does not belong in both. 

Fistulipora, which is the extreme form of Trepostome as com
pared to Monotrypa, is the very one most approaching the Recent 
coral, Heliopora,. which, as shown by Mosely, is an Alcyonarian, 
with a true tabulate skeletal structure. Heliopora has the larger 
cells, but like Fistulipora has autocells among mesopores, called 
siphonop.ores. The auto cells increase by "crenenchymal gem
mation," i. e., a young autocell arises among siphonopores, dis
placing several. Siphonopores and mesopores are alike. Also, 
in the mature region of Heliopora, the walls thicken and a wart
like projection stands generally at the siphonopore angle and 
twelve of them surround the autocell. Structurally the warts 
are similar to "acanthopores," but the wall of Heliopora is highly 
calcareous, and in thin section one sees primarily the crystal
line structure radiating from the normal line or center, while 
the Monticuliporoid wall, being apparently less calcareous, 
shows the organic lamination, and the acanthopores have con
centric structure. The difference is referable to the degree of 
calcareous deposit in which all corals differ. The warts on 
Heliopora are due to transverse canals between zooids swel
ling the cortex unevenly. Acanthopores might well be of 
like origin, and if so they indicate a canal system like that in 
Alcyonaria. 

It has not been clearly enough understood that Mosely 2 

demonstrated the Heliopora to have no mesenterial septa, but 
that twelve vertical ribs in each autocell are pseudosepta; and 

I EASTMAN, op. cit., pp. r02, r03. 2 Challenger Report. 
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as such they can be compared exactly with the inflections 
produced by acanthopores in many Monticuliporoids, if the 
small difference in calcareousness of skeleton· be considered. 
More calcareous ones have sharper processes. A lunarium is 
wanting in Helipon'd<B, but this structure is absent in Fistuli
pora in part, and in most Trepostomata. Any structural differ
ences between Heliopora and Fistulipora are found further in 
some genus or other closely related to the former, except the 
monticules or macula: of the latter. 

If one places all Trepostomata and the Tabulata (Alcyo
naria) together, they are compared as follows: The largest 
cells of the former are scarcely equal the smallest autocells 
of the latter. Growth habit is alike. Cells, monomorphic or 
dimorphic, are alike; except that distinct pseudosepta in auto
cells are common in Tabulata, being absent in few cases and 
these when the walls are very similar in structure to that of 
Trepostomata, i. e., when crystalline radiate striping is absent,
except also that mural pores cross the walls of many Tabulata, 
not, however, in dimorphic form$ nor in monomorphic ones with 
small cells, -except again, the lunarium of Fistuliporida: and 
the so-called dorsal septum of Alveolitida:. Notably, the two 
lunarial angles, forming two pseudosepta, are on the upper side in 
the former, the single" septum," pseudoseptum, is on the lower 
side in the latter; the structures therefore not corresponding. If, 
however, they be ascribed respectively to the double ventral 
folds and the single dorsal fold of certain Alcyonarian Recent 
corals,' one finds them all represented in Crenites, a Paleozoic 
tabulate coral. They are rarely indicated in skeletal structure 
of either Monticuliporoidea or Tabulata, but argue Alcyoranian 
affinities. 

Cell increase is not unlike. J n the Tabulata (Alcyonaria) it 
is by fission, unequal fission, stolonal gemmation, and intermural 
gemmation, which are probably degrees of transformation.' 
Intermural gemmation is the rule in Trepostomata. The peculiar 

I See further, Neues Jahrb. Minn. Geol. and Pal. Beilb. X, pp. 316, 320. 

'See op. cit., pp. 2!SI, 359. 
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cell development known as crenenchymal gemmation occurs in 
both, and they are not distinguished. 

But Trepostomata generally have monticules or maculre, which 
Tabulata never have; and therein is the one important distinction. 
But this also argues their relationship, for the Tabulata, compris
ing three divisions, can be held as the Paleozoic ancestors and 
representatives of the Alcyonaria as to three of four divisions 
respectively, the fourth having no known ancestor, unless the 
Monticuliporoidea be so considered! Among those of the fourth 
division Renilla et al. show a budding and grouping of the 
dimorphic zooids similar to or like that 'which must have 
obtained in the monticulate Prasopora et al. The absence of 
tabulate skeleton in Renilla would be explained as in the case of 
other Alcyonaria, and need not be recounted here. The sup
posed relation of Monticuliporoidea and Pennatulidre I formerly 
considered as based on deduction and slight evidence, and the 
explanation of monticules is corroborative. 

These same monticules and maculre, on the other hand, bind the 
Monticuliporoidea together, i. e., Trepostomata to Cryptostomata. 
In the preceding paragraphs the relation of Trepostomata to 
Alcyonarian corals is discussed without the Cryptostomata, 
but these would not change the argument as given if included. 
They are generally supposed to be Bryozoa, and are important 
to that side of the question which will be given later. There is 
in fact no character in the Monticuliporoidea to separate them 
from the Tabulata, corals. Their separation, if accomplished, 
would rest upon stronger evidence binding them to undoubted 
Bryozoa. 

EXPLANATION OF PLATE A 

FIG. I. Monotrypa magna Ulr., cell pattern. X 10. 

FIG. 2. Monotrypa magna Ulr., vertical section of cells. X 10. 

FIG. 3. Diplotrypa limitaris Ulr., cell pattern. X 10. 

FIG. 4. Diplotrypa limitaris Ulr., vertical section. X 10. 

FIG. 5. Callopora multitabulata Ulr., a small zoarium, natural size. 

'Op. cit., p. 349. 
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FIG. 6. Callopora multitabulata Ulr., a) cell in axial region, b) vertical of 
same, c) vertical showing peripheral cell region, d) cell pattern of peripheral 
region X 10 

FIG. II. 

Ulrich. 

asopora simulatr 
asopora simulatr 
rasopora simula 
atostoma fertile 
pore' stabulare. 

, natural size. 
tern. X 10. 

I section. X 10. 

ttern X 10, and 

Eridotrypa mutabilis Ulr. surface X 20, showing calycals. 

FIG. 12. Anolotichia impolita Ulr .• cell pattern. X 10. 

After 

FREDERICK W. SARDESON. 
MINNEAPOLIS, MINN., 

November 5, 1900. 
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THE EXCURSION TO THE PYRENEES IN CONNEC
TION WITH THE EIGHTH INTERNATIONAL 
GEOLOGICAL CONGRESS 

THE origin of the ancient crystalline rocks of the earth's 
crust is a subject which has always possessed a peculiar interest 
for geologists and which, now that the progress of investigation 
seems to bring the solution of the various problems connected 
with these rocks almost within our reach, has a greater attraction 
than ever. 

One of the most important lines of evidence bearing upon 
this question is that derived from the study of the contact zones 
about intrusive masses, but the effects produced by many of these 
intrusions have been differently interpreted by different observers.' 
In France especially, Michel-Levy, Barrois and Lacroix have 
described intrusive granite masses, which have not only intensely 
altered the strata through which they pierce but which have pro
duced a wholesale transformation of the sedimentary rocks in 
question into granite, the granite now occupying the space 
formerly occupied by the sediments. If this be the origin of 
granite, a knowledge of the fact would have an iinportant bear
ing on the interpretation of many occurrences in the Archean, 
but the great majority of geologists have been unable to find 
evidence of it in their respective countries. The French Pyrenees 
have, however, been cited by Lacroix as a district in which these 
remarkable transformations could be seen with especial clearness, 
and in connection with the International Congress of Geologists 
held last summer in Paris, an excursion to the Pyrenees was accord
ingly arranged, under the leadership of Professor Lacroix, in order 
that the members of the congress might have an opportunity of 
seeing these transformations in the district made classic by Pro
fessor Lacroix's work. It is proposed in the present paper, first 

I ADAMS. F. D.: A review of some recent papers on the Influence of Granite 
Intrusions upon the Development of Crystalline Schists. JOUR. GEOL., Vol. V, 1897. 
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to give a short account of this excursion and then to discuss 
briefly some points in connection with the explanations offered 
by Lacroix of the phenomena observed. 

Leaving Paris on the morning of August 3d on our way south 
to the rendezvous of the excursion at Ax-les-thermes, the great 
Tertiary plain of northern France was first traversed. The 
country as far as the eye can reach is quite flat and excellently 
cultivated. The grain had just been cut and stacked, and the 
country in appearance afforded a marked contrast to those por
tions of the southeast of England underlain by rocks of the same 
age, in the entire absence of the picturesque hedges and of stand
ing timber. The train then gradually ascended the table land of 
the Plateau Central, from which far to the east rose the volcanic 
peaks of the Auvergne, and the country assumed a more rolling 
character. Descending from this plateau on its southern side 
over strata of Jurassic age, past Brive and Sc.uillac, the landscape 
underwent still another change, the country becoming in many 
places rough and broken, with great exposures of bare rock on 
either side, through which the train threaded its way in numerous 
tunnels and rock cuttings, and as the night closed in reached the 
old city of Montauban. Next morning, passing over the Tertiary 
basin of southern France, through Toulouse and up the wide low 
walled valley of the Ariege, Foix was reached, about which place 
the valley narrowed and the foothills of the Pyrenees rose high 
and abrupt on either side. Thence passing on by Tarascon the 
train reached Ax-les-thermes, a picturesquely situated little town, 
lying well within the Pyrenees, whose hot springs and baths 
annually attract a large number of visitors, chiefly from other parts 
of France. 

Here the members of the congress who were to take part in 
the excursion, twenty-eight in number, coming from various parts 
of Europe and America, were received by ProfessOl Lacroix. 
Five of the party only claimed English as their native language; 
Mr. Arnold Hague, Professor Wolff and Dr. Ries representing 
the United States, while Mr. Kynaston, of the Geological Survey 
of Scotland, represented the United Kingdom. 
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The following day, August 5th, the regular work of the excur
sion began, two visits being made, from Ax-les-thermes as head
quarters, on consecutive days, to the contact of a large mass of 
granite, several miles to· the northeast ofAx-les-thermes in the 
heart of the Pyrenees, with a series of shales and limestones 
believed to be of pre-Cambrian age. The exact age of the 
granite is not known but it is younger than the Carboniferous 
and older than the Lias. 

The contacts seen on the first day, were chiefly in the vicinity 
of the beautiful little L'Etang de l'Estagnet, from which there 
rise on either side great walls of bare rock, and well graded talus 
slopes affording abundant exposures. (See Figure I.) J The 
normal granite of the district is light in color, poor in iron 
magnesia constituents and contains large porphyritic feldspars. 
It often shows marked evidences of dynamic action. The shales 
near the contact are hardened, being converted into a hornstone, 
said by Lacroix to be in many places "feldspathise," but the 
most interesting feature of the excursion was the contact of the 
granite with the limestone. This limestone, which is gray in 
color and highly crystalline, contains many li!tle bands of 
silicates, representing impure laminre in the original rock, which, 
especially on the weathered surface, emphasize its stratified 
character in a most striking manner and often display the most 
complicated contortions. The limestone in its whole character 
and appearance exactly reproduces many occurrences seen in the 
more altered limestones of the Hastings Series in the Archean 
of Canada. 

Between the limestone and the granite, however, there is a 
zone of rock, often very narrow but in some places, according 
to Lacroix, as much as 800 meters wide, more basic than the 
granite and termed by Lacroix, "Diorite" or "Roche Dioritique." 
This completely surrounds certain isolated occurrences of lime
stone and is believed by Lacroix to have been produced by the 

I For the photographs which illustrate this paper, with the exception of that 
reproduced in Fig. 2, the author is indebted to Professor Heinrich Ries, of Cornell 
University. 
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granitic magma, before crystallization, dissolving a portion of the 
lime-stone, incorporating it, and thus being rendered more basic, 
crystallizing ou·t as a diorite about the contact. This II Roche 
Dioritique," while as a general rule tolerably uniform in appear
ance, often presents rapid variations in size of grain from fine to 
coarse, and in other places passes into more basic forms such as 
norite and even into varieties holding olivine. 

The excursion of the second day took the party to another 
portion of the periphery of the same granite mass in the wild 
district about the L'Etang de Baxouillade (see Fig. 2) and the 
Cirque de Camp Ras. The route followed led first over the 
granite, which as the contact was approached was seen to hold 
a few dark inclusions, which certain of the petrographers present 
at once set down as basic secretions from the magma. These, 
as the little L'Etang de Baxouillade was passed become more 
numerous and often presented the appearance of having been 
softened and drawn out. Further on at the Cirque de Camp 
Ras the granite comes against a mass of shale interstratified with 
limestone. Both of these rocks are highly altered, the shales 
being converted into dark hornstones and the limestones into 
paler lime hornstones, consisting chiefly of a basic feldspar and 
pyroxene. Along the immediate contact of the granite, there 
appears to be evidence that the dark inclusions before mentioned 
are masses of hornstone which have been separated from the 
walls, caught up by the granite magma and more or less softened 
-or in the case of the lime hornstone dissolved, giving rise to 
irregular shaped masses of the II Roche Dioritique" before men
tioned. One block of gneissic granite about two feet long was 
observed, at one end of which, embedded in the granite was a 
mass of the light-colored hornstone enclosing a mass of unaltered 
limestone, while at the other end of the same block, the granite 
contained small masses of II Roche Dioritique," which certainly. 
presented the appearance of dissolved fragments of the same lime
stone. The only other explanation of the origin of these darker
colored masses in the granite is that they are basic secretions 
from the granite magma itself, about the margin of the mass, 
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but the appearances in the field rather favor Lacroix's interpre
tation. 

The next y, .leaving A s, drove to 
Foix, visiting the gypsum r Tarascon. 
The gypsum i age and is see ulted from 
he alteration It contains marly beds 
olding dipyr and other min re believed 

to have been developed in them by an intrusion of ophite, which 
however is not exposed in the immediate vicinity. 

On August 8th a visit was paid to a great mass of II Cipolin," 
intercalated in the gneiss near Arignac, which is locally rich in 
various minerals of the humite group and containing also spinel, 

logopite, rut e name II Ci en by the 
French geolo crystalline Ii rcalated in 
gneiss, even a e free from s minerals 
which give to • Cipollino" i character. 
This mass is rom 200 to 300 meters WI e an IS identical in 
character with the limestone found in many parts of the Lauren
tian in North America. The enclosing gneiss is said by Lacroix 
to contain garnet, and also to differ somewhat in other respects 
from the granite of the vicinity ofAx-les-thermes. Its origin is 
unknown. 

In the af 
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and traversed 
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large lumps 
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lline rocks 
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to be an altered limestone, and is interstratified with bands of a 
peculiar dark fine-grained micaceous gneiss, exactly like that 
which is so uniformly associated with the limestones of the 
Laurentian in Canada and in the Adirondacks. The age of these 
crystalline rocks has not as yet been determined 

In the eve y reached Vi seventeen 
miles west 0 mes, amos Iy situated 
ittle mountai m which excu ade on the 
wo following route on the days led up 

to the quaint httle Village of Sem, where the renowned iron 
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mines of Rancie were. visited. The deposit here consists of a 
large body of limonite of irregul.ar shape, enclosed in Silurian 
limestones and shales, and nearly coinciding with them. in dip. 
It is worked by a series of levels the lowest of which is at Sem. 
This ore body which is very extensive has been mined for ages 
and formerly supplied ore to as many as fifty Catalan forges, 
which were in blast in the vicinity. The ore which is handled 
in a rather primitive manner is now sent to Tarascon, where it is 
smelted in the blast furnaces situated there. The limonite which 
makes up the mass of the deposit that has been worked up 
to the present time, is derived from the alteration of spathic iron 
ore into what the ore body changes in depth. 

Taking a little path up the p10untain beyond Sem, a summit 
markttd by the Croix de Ste. Tanoque was reached, where an 
occurrence of lherzolite is well exposed. This is the original 
locality of the II Lherzoline" or II Lhercoulite" of Cordier, who . 
mistook the somewhat altered and serpentenized rock for a dis
tinct variety, to which he gave this name. The Jurassic lime
stones are here penetrated and altered by the intrusion, being 
bleached and crystallized, while the blocks of the light colored 
dipyre hornstones found near the contact are considered by 
Lacroix to be impure or marly bands which were interstratified 
with the limestones and which by virtue of their peculiar com
position were able to fix the exhalations from the lherzolite, 
which the limestone was unable to do, and in this way to yield a 
rock rich in dipyre, microline, orthoclase and a variety of other 
silicates, the original differences in the composition of the beds 
becoming accentuated through the action of selective metamor
phism. 

Leaving Vicdessos the following morning, the party traversed 
the forest of Freychinede, climbing up great exposures of the 
Jurassic limestone, blue in color and often brecciated, the color 
being bleached out in spots and streaks precisely as in the Jurassic 
limestones of the Alps. In these limestones are several occur
rences of lherzolite and ophite, which according to Lacroix 
have the form of laccolites, and which alter the limestones 
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as described in the case of the occurrences near the Croix 
de Ste. Tanoque. Passing out of the forest and over the high 
pastures of the Col de ~Iassat, where a number of shepherds and 
and cowherds in their picturesque dress were met, the party 
descended to the renowned L'Etang de Lherz, a beautiful little 
tarn, by the side of which the original lherzolite is seen. Here 
a great mass of this rock, dark brown on the weathered surface, 
penetrates the Jurassic strata, forming by far the most important 
occurrence of lherzolite in this portion of the Pyrenees. After 
lunch by the shore of the lake, the mist which had been gather
ing during the morning settled down as rain, and the party were 
obliged to hurry on to Massat, the "chef-lieu" of the canton, 
one of the most secluded little places in the Pyrenees, and one 
of the few places where the peculiar local costumes of the peas
ants of the Pyrenees still survive. 

From Massat, early on the morning of August 11th, the party 
drove to Saint-Girons, stopping on the way to examine two or 
three ophite occurrences and at the Pont de Kerkabanac to see 
a contact of granite with schist. On the rocky bank of the little 
l>tream at this point the granite is seen breaking through the 
schist and including many little fragments of it. These are 
often angular, but in some cases appear to have been softened 
and somewhat drawn out. The" granitization " of these schists 
was said to be particularly pronounced. The appearance of the 
contact, however, was like that of any other ordinary granite 
contact, where the igneous rock has broken through a shat
tered mass of shale, caught up the fragments and baked them 
intensely. 

At Saint-Girons the train was taken to Bagneres-de-Bigorre, 
another locality in the Pyrenees renowned for its thermal springs 
and hot baths, where during the afternoon the party visited 
the museum of Mr. Charles Frossard, rich in collections illus
trating the natural history of the Pyrenees, after which they 
inspected the extensive marble cutting works and the baths. 

About two miles from Bagnieres-de-Bigorre is Pouzac, the 
well-known nepheline syenite locality. This rock, together 
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with two masses of ophite, is exposed by the side of the railway 
line, cutting a series of limestones interstratified with marls, 
which is supposed to be of Triassic age. But little can be seen 
of the mutual relations of the several rocks or of their contacts. 
Lacroix states that the nepheline syenite and the ophite appear 
as little masses penetrating the Triassic limestones. He thinks 
the nepheline syenite is later in age than the ophite, which 
seems to surround it, but there appears to be no evidence from 
their field relations which makes it improbable that they are 
differentiation products of the same magma. The occurrence of 
the nepheline syenite, from which all the Pouzac material in 
collections the world over is derived, is barely sufficient in 
size to furnish a working face for a single small quarry. (See 
Fig. 3.) The rock is much decomposed, the sandy disintegra
tion product being used for repairing the roads in the vicinity, 
but fresh material may be obtained from the numerous bowlders 
of decomposition. Small bostonite dikes occur in the limestone 
near the contact. The marly beds are filled with dipyre and the 
limestones contain little albite crystals, both minerals being 
attributed to the metamorphosing action of the ophite. The 
ophite itself is in many places filled with dipyre, which is, how
ever, believed by Lacroix in this case to be the result of 
weathering. 

On leaving Bagnieres-de-Bigorre the party drove lip the 
valley of Camp an to Payole, a remote hamlet in the mountains, 
near which a quarry has been opened in a marble of Devonian 
or Carboniferous age, the stone being sent to Bigorre to be 
sawn and polished. The rock, which is known as Marbre de 
Campan, has a reddish or a grayish color and a linear brecciated 
structure, which produces a handsome effect on the polished 
surface, and which appears to be caused by certain lamina! in 
in the rock, rich in carbonate of lime, breaking apart under the 
pressure to which the rock has been subjected, while the inter
vening lamina!, rich in argillaceous matter and m ore plastic, 
have been forced in between the calc~reous fragments and now 
cement these together. 
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One of the most interesting granite contacts seen on the 
excursion was reached from Payole, that, namely, of the Cirque 
d' Arbisson. Leaving Payole early in the morning on August 13th 
the party made their way through the Bois d'Arreiou-Tort and up 
over the moraines mantling the valley bottom and the lower 
slopes, and after several hours climbing reached the foot of the 
great Cirque. But little rock is exposed on the way up, but at 
the Cirque itself, whose walls tower up in the form of a great 
amphitheater of bare rocks skirted with talus piles, the expo
sures are magnificent. (See Fig. 5.) 

The rocks composing the Cirque are Upper Devonian in age 
and consist of thinly banded strata, greatly contorted and 
twisted, and now converted into hornstones of several kinds, 
varying in character with the original composition of the rock. 
The unaltered rock was not seen, but it would seem to have been' 
not unlike that worked in the quarries near Payole. The argil
laceous bands, however, were probably more numerous and some 
of the bands were highly siliceous. The contortions and the 
breaking apart of the harder bands with flowing of the relatively 
softer layers. in this case the limestones, between the fragments 
is excellently seen. (See Fig. 6.) The original marly beds 
have been converted into <:pidote hornstones, while the more 
siliceous beds are converted into a flintlike material which is 
much darker in color. Some of the limestone bands, although 
greatly contorted, have retained their fine-grained texture and 
blue color, but owing to the shearing movements to which they 
have been subjected they have assumed, as is frequently the case 
in such occurrences, a sort of schistose structure. The limestone, 
however, is usually traversed by little streaks, coarser in grain 
and whiter in color, marking the first stage of a recrystallization 
and passage into marble. The limestones or calcareous bands 
in places contain large crystals of red garnet, resembling the 
well-known occurrences 'on the Stikine' River, although the 
development of the crystals is not so perfect. Beautiful flat 

. rosette-like groups of vesuvianite crystals also occur in places 
along the bedding planes, usually between the layers of epidote 
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hornstone and the more siliceous bands. A few granite dikes 
and a mass of granite, apparently of comparatively small dimen
sions, occur on one side of the Cirque, while the other side is 
free from granitic intrusions. In these dikes, and also in the 
hornstone near the contact, axinite occurs in masses of consider
able size. In the dikes this mineral occurs as rather coarsely 
crystalline streaks, in some cases on the walls and in others 
within the dike itself. In the hornstones it occurs as an impreg
nation, apparently partially replacing the other constituents of 
the rock. The petrographical character of the various rocks can 
be well seen in the immense talus piles at the foot of the cliffs, 
which also afford an excellent opportunity for collecting. From 
a petrographical standpoint this was one of the most i'!teresting 
localities visited on the excursion. 

The excursion, as originally planned, was to have terminated 
here, the party returning to Bagnieres-de-Bigorre and then 
taking the train to Paris; but the majority of the party willingly 
accepted the proposal made by Professor Lacroix to extend the 
excursion by another day and visit Bareges. Accordingly, they 
left Payole on the morning of August 14th, and drove to Gripp, 
and thence walked to the Col du Tourmalet, over a great series 
of highly inclined and more or less altered clay slates, lime
stones, etc., of Upper Silurian and Devonian age. Magnificent 
views of the Pic du Midi, the highest point of the French 
Pyrenees, were obtained at a number of points along the route. 
The ascent was long, the day very hot, and shade by no means 
so abundant as could have been wished, but the Col du Tour
malet was at length reached, and the very abrupt descent made 
into the valley of the Bastan, over magnificent rock exposures. 
The granite appears near the head of this valley, and at its 
contact with the stratified series there appears a mass of rock 
consisting of a mixture of actinolite and axinite. The contact 
was not seen by the writer, but Professor Wolff, who saw it, 
states that the margin of the granite seemed to be well defined, 
although somewhat melted into the actinolite axinite rock above 
mentioned. As the evening was closing in, however, there was 
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not sufficient time to make a study of the relations of the 
intrusion, the party being obliged to press on to Ban!ges. 

The valley of the Bastan, in which Bareges is situated, is an 
excellent example of a valley half filled with morainic material, 
which is now deeply trenched and for the most part removed 
by the present stream. Patches of the moraine still remain 
adhering to the sides of the valley high above the present 
stream level. Great spaces swept bare by avalanches, here so 
destructive, can be seen at intervals, and high up on the steep 
slopes the terraces built by the -French forestry department and 
by them planted with trees to prevent the snow from moving 
on certain of the more danger~us of the upper slopes, and in 
this way to avoid a repetition of the disastrous avalanches of 
former years. 

At Bareges the excursion was brought to a close. The 
majority of those taking part in it, having on the following 
morning inspected the mineral springs for which the locality is 
renowned, left for Paris on the afternoon of August 15th. while a 
few members extended it by still another day and made a visit 
to the Cirque of Gavarnie, at the head· of the Gave ~e Pau on 
the Spanish boundary, which is certainly one of the grandest 
spectacles in Europe, suggesting somewhat the great cliffs of 
the Yosemite valley (see Fig. 4). 

The excursion was planned with the greatest care, and all 
the arrangements were personally supervised by Professor 
Lacroix, to whom the sincere thanks of· the excursionists are 
due. Sleeping, as the party was obliged to do almost every 
night, in some remote mountain village, which was usually taxed 
to its utmost capacity to accommodate such -an unusual influx 
of visitors, it was very difficult to make satisfactory arrange
ments in every case. Whatever comfort was to be had, how
ever, the party enjoyed. and the excellent weather contributed 
greatly to the success of the excursion. 

In entering upon a critical discussion of the phenomena 
observed, the writer feels that great care must be exercised in 
forming a judgment from what was of necessity a rapid and 
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more or less incomplete study of the several occurrences. The 
members of the excursion were, moreover, at a serious disadvan-
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mation obtained in the field has been extended by a careful 
study of Professor Lacroix's. published works, so far as they 
bear upon the localities in question, and a considerable number 
of thin sections of the rocks collected from the various occur-
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sIlicates which had crystallized out \0 them, as descnbed above. 
Lacroix considers that in these cases, original differences in the 
<:omposition of the beds influenced the nature of the minerals 
developed by metamorphism, but that the material for their 
growth was largely supplied by emanation from the intrusion. 
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during their recrystallization to marble have had added to 
them, in certain cases at least, as Lacroix holds, a certain 
amount of new material, probably from the waters and exhala
tions accompanying the intrusion; but this infusion of new 
material seems to be confined to a narrow zone about the con
tact, and is not by any means a regional phenomenon. In fact, 
in the occurrences at the Cirque d' Arbisson, some of the lime
stones of the Cirque itself, while greatly contorted, are practi
cally unaltered in character, still retaining their original blue 
color and fine texture, and are free from all foreign minerals. 
The occurrence of axinite about the contacts does not seem to 
call for any especial notice, seeing that boron exhalations, giving 
rise to tourmaline, have been recognized as of frequent occur
rence in contact zones by all authorities, having been found by 
Rosenbusch, even in the Barr-Andlau contact zone, which is 
always cited as affording evidence of the strongest kind, of the 
absence of metasomatic changes in the rocks about granite 
intrusions. 

As mentioned above, in the district visited on the first two 
days of the excursion, that is, in the district about Lac l'Estagnet 
and the Cirque Camp Ras, there is between' the altered lime
stone and the granite a zone, varying greatly in width but usually 
quite narrow, of what Lacroix terms II Roche Dioritique," and 
which is considered by him to have been formed by the solution 
of a portion of the limestone in the granite magma. This rock 
is said by Lacroix to occur only where the intrusion has lime
stone as a wall rock. It is a rock generally grayish in color 
and more basic in appearance than the granite, but of about the 
same size of grain, varying, however, considerably in grain and 
character from place to place. Lacroix states that a detailed 
study of it shows that it is not uniform in composition, but that 
it varies in minerological composition from a hornblende granite 
to a basic olivine norite, or even a peridotite. It completely sur
rounds detached masses of limestone, and has distinctly the 
appearance in the field of having been produced, as Lacroix 
believes, by a solution of the limestone along the margin of 
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the granite. The conditions here are especially favorable for 
such a process of solution, as the limestone is broken up into a 
number of disconnected masses, thu's exposing a large surface to 
the action of the granite. 

No investigations into the chemical relations of the II Roche 
Dioritique" have been made, or at least none have been pub
lished; its exact chemical composition is unknown. This, how
ever, is a subject on which information is especially required. It 
is most important to know in how far the composition of the 
"Roche Dioritique" approaches that of the normal granite of the 
district, with the addition of varying amounts of lime. It would 
seem that processes of differentiation must in any ~ase have been 
at work in the mass after the solution had taken place, for it 
seems difficult to understand how any addition of lime to a 
granite magma can produce a peridotite. The only alter
native, if this view of the origin of the mass is to be sustained, 
is to suppose that the exhalations given off by the magma first 
impregnated the invaded limestone in some places with minerals 
rich in iron, elsewhere with those rich in magnesia, and having 
thus produced out of the limestone a series of rocks of very 
diverse composition, the magma bodily dissolved them and thus 
obtained that irregularity in composition which caused it to crys
tallize out as rocks of such diverse composition as the mass 
cooled down. 

The appearance in the field, however, in the opinion of the 
present writer, supports Lacroix's contention that this narrow 
band of "Roche Dioritique" was' produced by the solution of 
the limestone in the granite magma about the contact. Detailed 
chemical studies and an accurate map of the area are, however, 
required before this contention can be proved, and it seems pre
mature to say, as Lacroix does, II L'evidence de la transformation 
du granite par dissolution du calcaire est complete.'" The 
development of this dioritic contact facies seems, even in the 
Pyrenees, to be unusual, and its volume as compared with 

J Le granite des Pyr~n~es et ses PMnom~nes de Contact. Bull des Services de 
1& Carte Geol. de la France; No. 64. p. 60. 
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that of the granite is insignificant, so that while, even if it be 
established that dioritic rocks may be produced by the solution 
of limestone in granite, it would scarcely indicate this as a prob
able origiri for the great intrusions of these rocks met with in 
various other places. 

The other class of granite contacts to be considered are those 
in which the granite comes against slates, shales, and similar 
argillaceous strata. In the" Livret Guide" prepared for those 
taking part in the excursion, Lacroix states that there exist in the 
Pyrenees, notably in the Haute-Garonne and Hautes-Pyreuc!es, 
many granite contacts of the ordinary type, long since described, 
which present ~he regular and usual succession of spotted slates, 
spotted or nodular micaceous schists, and andalusite hornstones; 
but that the contact zones of the Haute-Ariege, visited on the 
excursion, were chosen because they present striking examples of 
a much more intense alteration, in character analogous to certain 
other French occurrences described by Michel-Levy, which are 
characterized by a marked "feldspathisation" of the invaded 
rocks, indicating the" importance pn!ponderante" of deep-seated 
emanations in the case of igneous contacts, and affording evi
dence of a wholesale incorporation of the invaded rock. 

"Au contact immediat du granite, en effet, s'observe une zone 
constante dans laquelle les schistes et aussi les quartzites se 
chargent de feldspaths, soit par imbibition, ces mineraux jouant 
Ie meme role que Ie quartz dans les schistes micaces, soit par 
injection en nature du granite lui-meme. II est possible de 
suivl'e, pas a pas, tous les stades de feldspathisation et les pas
sages insensibles entre ces schistes feldspathises (Leptynolites) 
et Ie granite lui-mem~." In certain cases, as in the valley of the 
Baxouillade (near the Cirque de Ras), he goes on to say, these 
two types of "feldspathisation" are superimposed in one and the 
same rock, giving the invaded rock a gneissic facies, which in 
certain cases is so pronounced that it resembles a veritable gneiss. 

This process of "feldspathisation" may thus, according to 
Lacroix, take place in two ways, (I) by imbibition, and (2) by 
the injection of little veins of granite all through the invaded rock. 
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In the first case the shales next to the granite, in what is com
monly called the hornstone zone, which contain, as in all contact 
zones, more or less biotite, have feldspar developed all through 
them by emanations accompanying the intrusion, being thus con
verted into micaceous feldspathic schists, called in France Lep
tynol ites. The usual type of Leptynolite is stated tq possess 
exactly the same structure as the non-feldspathic micaceous 
schists, but under the microscope it is seen to contain grains of 
feldspar (orthoclase or plagioclase) , which, like the quartz grains 
in the rock, are allotriomorphic, their form being largely deter
mined by the biotite. The proportion of the feldspar present is 
extremely variable; the mineral may be present merely as a few 
grains here and there in the rock, or the proportion may be greater 
-the feldspar in some cases being more abundant than the 
quartz-as in the case of some of the Leptynolite from near 
Baxouillade. When this is the case, and the rock becomes 
coarser in grain with an abundance of mica, it passes into a 
veritable gneiss. 

In the second case the granite is injected at intervals in the 
form of little veins between the lamellce of the schist, the veins 
when followed out to their feather edges fading away insensibly 
into the schist. This is known as "lit par lit" injection, and 
also gives rise to a gneiss. 

The appearance of the contacts of this class visited on the 
·excursion does not strike the observer as being at all unusual. 
The explanation which at once suggests itself is that the acid 
granitic magma which has, by virtue of its acidity, apparently 
eaten into and dissolved the lime1itone in certain places and to a 
limited extent, has not been able to produce any marked effect 
on the shale. It has forced its way into the shattered strata 
along the contact, in the usual manner, sending a swarm of little 
dykes or veins into it in places, and everywhere baking it into a 
more or less micaceous hornstone-like mass. Fragments of the 
altered shale, abundant near the contact, less so at some dis
tance, lie scattered about in the granite. These often retain 
their angular character, but at other times are seen to have been 
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somewhat softened and pulled out into more or less elongated 
forms, appearing as dark streaks in the granite. The shale has 
been recrystallized, as in the case of every hornstone, the .. phe
nomenon being, of course, more pronounced in the separated 
fragments which are completely enveloped in the granite.magma. 
The "lit~par-lit ".injectionis a not unusual phenomenon of con
tact in ali igneous intrusions, and merely produces a mechanical 
admixture of granite with shale along the immediate contact of 
the intrusion without in any way necessarily altering the com
position of either rock,. or producing anything which is: not 
manifestly a mixture of two distinct rocks.. The appearance of 
feldspar in the altered shale -its" feldspathisation par imbibi
tion" -does not necessarily indicate any addition ofmatetial. 
If there were not alkalies in the shale, the appearance of feld
spar.in the altered rock would be an evidence of.the addition of 
these elements. But, as the analysis of shales from all parts of 
the world show, alkalies are almost invariably present, amount
ing on an average. to about 4.75 per cent. This would, in the 
case ofa thoroughly recrystallized rock, afford the material for 
as much as 25 or 30 per cent. of feldspar, and it would seem 
t:~at there is seldom more, or in fact as much as this, present in 
the Leptynolite. 

Gneissic rocks of a peculiar type found continually associated 
with the' Laurentian limestones of Canada, and which have pre
cisely the character of the more altered forms of these Leptyno
lites, when analyzed have been found, in many cases, notwith
standing their content in feldspar, to have a chemical compo
sition identical with that of ordinary roofing slate, being in fact 
nothing more than shales which are completely recrystallized. 
On the 'other hand, thin sections of the most altered leptynolite 
from Pont de Kerkabanac contain more feldspar than would be 
expected in an altered shale. 

'While, then, it is. impossible to assert that there has been no 
addition of material to the altered shale,. no evidence seems to 
have. beenbroughtforward that there has been such additi<;>n, or 
that these: occurrences differ from the ordinary type .of contact 
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FIG. I. 
Near L'Etang de I'Estagnet. 

Ridge of granite in distance. On right, cliff of thinly handed limestone, much 
altered and filled with garnets. 

FIG. 2. 

L'Etang de Baxouillade. 

In foreground, granite with inclusions of schist and" Roche Dioritique." The 
mountains in the distance art: composed of granite with pre-Camhrian limestone and 
.. Roche Dioritique." The depression in the center of the range is formed hy a 
Permo-Carboniferous limestone, which is altered hy the granite. G I 
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FIG. 3. 

Quarry in Nepheline Syenite-Poussac. 

FIG. 4. 

Cirque de Gavarnie. 
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FIG. 5. 

Cirque d'Arbisson. 

FIG. 6. 

Contorted Strata at the Cirque d'Arbisson. 
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zones. What is required to establish this, is an exhaustive series 
of chemical analyses of carefully selected material, showing the 
composition of certain definite beds in their original and altered 
forms. Such -an investigation would be of the greatest interest 
and highest importance to geological science at the present time. 

Although, therefore, it is possible that some of the Archean 
gneisses which now have no longer the composition of any 
ordinary sediment, may represent shales which have been trans
fused with new material by emanations accompanying granitic 
intrusions, the studies hitherto made of these Pyreneean con
tacts do not, in the opinion of the writer, afford any conclusive 
evidence that such emanations have this transforming power. 
Still further are they from establishing the contention that 
granitic intrusions are merely great areas of shale or other sedi
mentary rocks changed in situ into granite, which is the view of 
their origin held by Michel-Levy and Lacroix. .. Je considere 
donc toutes .ces couches metamorphiques isolees aujourd'hui au 
millieu du granite comme Ie residue non digere des assises sed i
mentaires dont Ie granite a pris la place." r .. La mise en place 
du granite s'est effectuee par dissolution graduelle des roches 
sedimentaires dont il occupe la place.'" This conclusion would, 
of course, if established, be of the greatest interest, but the 
evidence hitherto put forward seems quite insufficient for that 
purpose. 

The metamorphism of the sedimentary strata in the vicinity 
of the intrusions of the basic rocks (ophite and lherzolite) is 
also attriputed by Lacroix largely to the action of emanations 
from deep-seated sources. .. L'impuissance de la lherzolite a. 
operer -des transformations metamorphiques par I 'action de sa 
propre substance est demontree par l'absence de zones de pas
sage entre elle et les sediments metamorphiques et par la nature 
des mineraux produits a. son contact. . . . . La roche modifiee 
a fourni une partie des elements necessaires a. la formation des 
mineraux neogenes, mais beaucoup de ces elements ont ete 

I LACROIX: Livret, Guide, p. IS . 

• LACROIX, Le granit des Pyren~es, etc., p. 3. 
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necessairement apportes des profondeurs, sous forme d'emana
tions, ayant une composition chimique different de celIe qu'a 
priori on pouvait supposer, etant connue la comp~sition de la 
lherzolite." I There is, however, here again the same absence 
of the chemical evidence which would serve to definitely estab
lish this conclusion. 

It is also to be noted that in the Pyrenees, dynamic action 
has followed the development of the contact zones above 
described. Lacroix observes that the minerals produced by the 
contact metamorphism are often much deformed by subsequent 
movements, but adds: .. J'ai pu constater avec precision que 
les phenomenes de contact jouent un role preponderant dans la 
production des nombreuses roches metamorphiques que I'on 
rencontre dans to ute I'etendue de la chaine.'" As, however, it 
is a matter of extreme difficulty, if not an impossibility, in all 
cases to determine to which class of metamorphic agencies cer
tain rocks are due, the question as to how far dynamic action 
may have at least contributed to some of the changes attributeo 
to contact action is one which cannot be considered as entirely 
settled. 

To sum up therefore it may be said, that while the transfusion 
of a certain amount of material into the limestones along the 
immediate contact of the intrusions and also a solution of the 
limestone to a limited extent in certain cases seems highly 
probable; the wholesale transformation of limestone into diorite, 
or of shale into gneiss and granite, which has been described in 
the case of these contact zones of the Pyrenees, is as yet very 
far, indeed, from being proved. 

GEOLOGICAL DEPARTMENT 

MCGILL UNIVERSITY. 

'LIVRET, Guide, p. 5. 

FRANK DAWSON ADAMS. 

"Les Ph~nom~nes de contact de la Lherzolite et de quelques Ophites des Pyren~es. 
Bull. des Sciences de la Carte Gc!ol. de la France, No. 42, p. 133. 
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VALL~YS OF SOLUTION IN NORTHERN ARKANSAS 

PR<?FESSOR G. F. MARBUT has called attention to valleys of 
solution in Missouri! Before this had come to the present 
writer's notice, he had become convinced that a type of valley 
which occurs in large numbers in the Boone chert of Arkansas 
owes its existence to the differential solution of the rock. 

The Boone chert lies at the base of the Mississippian series 
in Arkansas. Over a large part of the region north of the Bos
ton Mountains, erosion has left this as the surface rock~ It 
approximates 400 feet in thickness and is essentially an immense 
deposit of limestone containing chert which varies greatly in 
amount, both horizontally and vertically.2 

In all places where the Boone chert is the surface rock, the 
calcareous portion has been partly removed by solution, leaving 
a residue of chert, in places several inches deep, on the _ s~rface. 
The universal distribution of the small chert particles over the 
surface reduces the run-off to the minimum and increases the 
underground water to the maximum. As a consequence, valleys 
of solution are numerous throughout the region in which this is 
the surface rock. So different are these valleys from those of 
corrasion that they attract the attention of even the untrained 
observer. While seldom of great length, their length is always 
great in proportion to the width, and the latter is strikingly 
uniform throughout. To borrow a term from biology, they are 
always bilaterally symmetrical, and their slopes are steep (Fig. 
I). They are remarkably straight, seldom deviating from a 
straight line more than a few feet except at the points where two 
valleys unite (Fig. 2). Probably the most striking feature 
about them is that they head suddenly, the heads often having 
exactly the appearance of half a sink-hole cut with a vertical 

1 Missouri Geological Survey, Vol. X, pp. 88-92 . 

• For a full description of the Boone chert, see Rep. of the Ark. Geo!. Surv., 1890, 
Vol. IV., pp. 94-107. 
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plane through the center. Not infrequently the heads are forked, 
as shown in Fig. I. The bottoms and slopes are covered with 
angular residual chert, leaves and branches of trees ·(Fig. I). 
If surface water ever flows through the upper parts of these val
leys, it is only after excessive rainfalls. Extended travel over 
the region has not yet brought to the writer's notice a single case 
in which ,the upper part of one of these valleys has been occupied 

FIG. I. 

by surface water in sufficient quantity to remove the residual 
chert. 

Unlike the valleys which" Professor Marbut describes in Mis
soud, these valleys are narrow and steep-sloped in their upp~r 
parts and pass into rather wide, open valleys which owe their 
forms to both solution and corrasion. The topographic transi
tion from that part of the valley that is due wholly to solution 
to the part that is due to both solution and corrasion is of course 
gradual. The point, as the writer conceives it, where the one 
passes into the other is determined by the groundwater level. 
Above the point where the valley cuts into the groundwater, the 
work is done by solution; below that point a surface stream 
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exists which adds the work of corrasion to that of solution, the 
latter occurring mainly on the valley slopes above the stream 
bed. As this work goes on and the stream bed continues to be 
reduced more and more below the average level of groundwater, 

FIG. 2. 

the stream grows in size, and in time, by meandering, is able to 
produce a wide valley. 

The point at whi~h the valley cuts into groundwater of course 
varies with the seasons, but on the whole it is moving up the val
ley because of the differential solution brought about by the 
large amount of groundwater moving down the slope from 
either side and meeting beneath the bed of the valley. 
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Fig. 2 is a map of two of these valleys with their tributaries, 
four and a half miles north of Fayetteville. The map was made 
with a plane-table without correction for magnetic variation. 
These are typical of valleys that occur in the Boone chert of 
Arkansas by the thousand. The heavy lines are placed along 
the bottoms of the valleys only to bring to notice the angles at 
which they join each other. These angles vary from 60 to 100 

degrees or more, the most common one being 80 degrees. It 
will be noticed that the angles at which the main valleys and 
their tributaries unite are quite different from those of corrasion. 

The writer thinks there can be no doubt but these valleys are 
determined by the jointing of the horizontal beds of rocks. 
The double heads which are so common among them are tribu
tary'valleys in their incipiency, following joints which intersect 
along the course of the main valley. 

The large valleys which contain the master streams of the 
Boone chert region were probably inherited, with their streams, 
from the former superimposed rocks, but the valleys here men
tioned owe their origin and development to solution, aided pos
sibly by the removal of part of the residual chert after the most 
excessive rains. A. H. PURDUE. 

UNIVERSITY OF ARKANSAS, 

Fayetteville, Arkansas. 
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.STUDIES TUDENT 

E STRUCT ETEORITES 

THOSE portions of cosmic matter which from time to time 
fall to the earth and which are known under the general name of 
meteorites, have now for about a century been objects of collec
tion and study. Earlier studies of this matter were, on account 
f·t r ·ted quantity and r·et necessarily confined chiefl 

iption of indi . Comparati 
een carried on all extent and 
to be gained on along this 

plete. The cali ties from w 
Ites are now known may be stated In round numbers as 550 and 
the total weight of cosmic matter now preserved and in one way 
or another available for study, as about 161 tons (146,716 kilo
grams). 

Lines of investigation.-The lines along which the study of 
as been and ducted can be 

h, of course, b ess intimately 
the other: (a ) mineralogic 
physical, and al. Each of 
aI, and (2) sy may include 

of terrestrial analogies. Of the above courses of investigation 
the first three have been the lines along which study has been 
most extensively conducted hitherto. Summarizing briefly their 
results, it may be stated that the chemical investigation of 

has resulted i h . d . fication of tw t fi I 
milar to thos the earth; th 
etermination enty mineral 
e similar an imilar to ter 
the petrolog lassification a 

of the characters which meteorites display as mineral aggregates. 
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The physical investigation of meteorites has been confined chiefly 
to studies of their spectra and comparisons of these with the 
spectra of comets, nebul.e, and other heavenly bodies. Studies 
of thermo-luminescence, magnetism and polarity as exhibited by 
meteorites have also been made. With the results of the struc
tural studies of meteorites it is the purpose of the present paper 
to deal in some detaiL 

Structure· a feature distinguishing meteorites from te,.,estrial 
rocks.-It is from the point of view of structure th~t meteorites 
differ most completely from terrestrial rocks. In chemical, 
mineralogical, petrological and physical characters some meteor
ites closely resemble terrestrial rocks. The meteorite of Juvinas, 
for instance, so far as the above characters are concerned, is 
similar to a basalt, while many of the iron meteorites find a per
fect analogue in the terrestrial irons of Greenland_ When the 
structure of meteorites is considered, however, a distinction is 
apparent. No resemblance to the clastic texture of the Juvinas 
meteorite is to be found among terrestrial basalts, nor does 
the terrestrial nickel-iron show satisfactorily the Widmanstatten 
figures so characteristic of the iron meteorites. 

It is along this 'line of study that the geologist finds prob
lems which his science is especially adapted to solve, for the 
problems afforded are similar in many respects to those included 
under the group of structural and dynamical, or, as it is some
times termed, phenomenal geology. Just as studies of the latter 
sort avail to give a knowledge of the forces and conditions under 
which different rock structures and rock movements are pro
duced, so studies of the structure of meteorites may be expected 
to discover the conditions under which cosmic matter is formed 
and the forces to whose action it is subject in space. Since, 
further, this cosmic matter reaching us as meteorites has striking 
and important analogies with that, not alone of the crust of the 
earth, but it may be believed also of its entire substance, the 
fascinating possibility is presented of reading in the mass of 
meteorites many chapters in the history of the earth which would 
otherwise be locked up within its interior. 
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Mal/er of metton·tts of two kinds. - Matter constituting meteor
ites may be described as of two kinds, metallic and stony. The 
metallic matter is chiefly an alloy of iron and nickel, the stony 
matter chiefly the silicates chrysolite, pyroxene, and feldspar. 
Single meteoric masses may consist of but one of these kinds of 
matter or may be made up of a union of the two. 

Tlzree groups of meteorites according to tkeir components.
According to the relative quantities of each of the two above men
tioned kinds of matter it is convenient to divide all meteorites 
into three great groups. Those made up wholly or largely of metal 
(aerosiden·tes, kolosiderites) form the first group. Those made up 
of about equal quantities of metal and stone (aerosiderolites, 
litllosiden·tes, syssiden·tes) form the second group. Those made 
up wholly or largely of stone (aerolites, sporadosiderites) form 
the third group. No sharp dividing line can be drawn between 
these groups. They pass into one another by every gradation, 
and meteorites of the two kinds even occur in the same fall. 
Yet meteorites of these groups differ in many essential char
acters and their separation becomes a matter of great conve
nience in study. For purposes of the present study the three 
classes will be sufficiently designated by the terms iron meteor
ites, iron-stone meteorites, and stone meteorites. 

Two groups of meteorites according to tkeir origin. - With 
respect to their origin meteorites may be either (I) monogenic 
(of single origin) or (2) polygenic (of various origin). Most 
of the iron meteorites are plainly monogenic. Many show such 
homogeneity and uniformity of structure as could belong only 
to a single crystal. Thus the iron meteorite of La Caille, a 
mass of 59 I kilos in weight, contains inclusions of troilite 
arranged in parallel rows throughout in such a manner as to indi
cate a uniform and continuous crystallization of the entire mass. 
Likewise from a mass of a Toluca meteorite a cube may be cut 
which shows on etching a perfectly regular octahedral structure 
throughout. The same parallelism of planes may be traced 
on an etched section of almost any of the so-called cubic meteo
rites, such as Coahuila, Hex River, etc. A few iron meteorites 
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are however plainly polygenic. An etched section of the Mt. 
Joy meteorite for example shows the mass plainly to be made 
up of irregular iron fragments. The structure of each fragment 
as shown by its etching figures is sui generis, and indicates an 
independent origin. The iron of Zacatecas is likewise made up 
of individual grains the size of a hazelnut to that of a walnut. 
These are separated by areas of troilite. 

Many of the iron-stone and stone meteorites are monogenic 
but more are made up of two or more different kinds of rock. 
To draw the dividing line between the monogenic and polygenic 
meteorites of the last two classes is not an easy task and the 
opinion of no two observers would probably be the same in regard 
to it. The meteorite of Stannern for instance was described by 
one observer as crystalline and by another as clastic. Tscher
mak, who has given the matter profound study, is disposed to 
regard practically all stone meteorites as of a tuffaceous or 
clastic character while Wadsworth after examining many meteor
ites concluded that none which he had examined could be con
sidered "fragmental in the sense of consolidated cold masses 
joined together." The present writer can only state that in his 
opinion some stone meteorites are so uniform in character that 
crystallization from a single magma is indicated while on the 
other hand many meteorites have a clearly brecciated and tuf
faceous character showing them to be polygenic. 

Structures of terrestrial origin to be eliminated:-In all study 
of the structure of meteorites with a view to learning their pre
terrestrial history, care should be taken to eliminate all phe
nomena of terrestrial origin. Thus the crust of meteorites and 
their surface markings are usually considered, and without 
doubt properly, to be produced during the passage of the mass 
through the earth's atmosphere. The possible effects on the 
interior of a meteoric mass, of heat developed by such passage 
should also be borne in mind in study. Again the force of impact 
with which a meteorite strikes the earth is often very great. 
It should be considered whether such a blow might not give rise 
to phenomena of internal movement within the mass. Again 
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processes of corrosion and decomposition go on if the meteorite 
is exposed on the earth's surface for any length of time, which 
may have their effect on the structure of the meteorite. These 
therefore must be judged and eliminated. Again, the fissures 
found in meteorites are believed by many to be the result of 
cracking from the sudden development of heat caused by the 
entry of the mass into the earth's atmosphere and the veins 
of meteorites are by some thought to be fissures filled by matter 
fused by such heating. Due weight must be given these pos
sible effects and all that are certainly of terrestrial origin 
must be left out of consideration. 

Uniformity of mass structur~ of single met~orites.-The iron 
meteorites usually show remarkable uniformity of structure 
throughout. Sections from different portions of a single mass 
or even different masses of the same fall usually give on 
etching, figures so similar that the meteorite to which they 
belonged can be recognized at a glance, even if the specimens 
have been widely separated. In some, however, there are varia
tions in the same mass. Thus the Floyd county iron according 
to Kunz and Weinschenk while possessing a generally cubic 
structure shows portions which are granular; the Linnville iron 
according to Kunz is partly of cubic structure and partly amor
phous. The Carlton iron is partly rich in plessite and partly 
poor in plessite. The Holland Store iron has portions coarse· 
grained and fine grained. Four of the five masses found near 
Staunton, Virginia, are quite similar in structure, showing on 
etching, figures made up of short, swollen bands. The etching 
figures of the fifth mass are, however, made up of long, straight 
bands. Moreover the taenite of the first four is brittle, of the 
fifth elastic. So sharply does the latter mass differ from the 
others that Brezina regards it as belonging to a different fall, 
but it is more likely that the differences are those of structure. 
Such exceptions are however so rare as to emphasize the fact 
that on the whole iron meteorites are uniform in structure. 
Speaking in a general way the iron-stone and stone meteorites 
are likewise uniform in mass characters although such as are 
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clastic or brecciated have the variations which might be expected 
from the accidents of aggregation. The monogenic meteorites 
may show variations from fine grain to coarse grain and vice 
versa and some portions may contain more stone or metal than 
others, but the general structure may be said to be uniform. 

Similarities ol structure in meteorites of different falls.-While 
the individuals of a single fall are usually similar in structure 
and composition those of different falls often differ so that 
they may be easily distinguished. In comparing the meteorites 
of a large number of falls, however, similarities are readily seen 
which permit the grouping of several falls together as being of 
practically identical matter. A number of classifications of this 
sort have been made of which those of Brezina and Meunier are 
the latest and most complete. Brezina, who makes structure the 
leading feature of his classification, has thus reduced all known 
meteorites to sixty-one groups, while Meunier, with whom 
mineralogical composition is the chief criterion, makes sixty
two groups. 

Degrees of colzerence.-The iron meteorites are, as might be 
expected, usually strongly coherent and tenacious to a high 
degree of malleability. Yet there are variations in this respect. 
The iron meteorites showing coarse etching figures can usually 
be sawed only slowly and with great difficulty, while those of an 
amorphous or finely crystalline character cut more readily. 
Some iron meteorites, such as those of Coahuila and Nelson 
county, can be broken readily by the blow of a hammer. 
Among the stony meteorites all stages of consolidation may be 
traced from those of an almost flint-like toughness (Long Island) 
to those so friable as to crumble on handling (Warrenton). The 
majority of stony meteorites are fairly coherent so as to take a 
good polish. 

Kinds of structure according to texture.- According to what is 
often known as rock texture, meteorites display a number of vari
ations which are for the most part entirely comparable with simi
lar variations seen in terrestrial rocks and may be described by 
the same terms. Accordingly, among the monogenic meteorites 
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crystalline, cryptocrystalline and vitreous or amorphous struc
tures may be noted. Among the polygenic meteorites, brecciated, 
agglomerated, psammitic or sandstone-like and tuffaceous struc
tures may be noted. Stratified, foliated, and fibrous structures 
are entirely lacking. Both among monogenic and polygenic 
meteorites occurs a kind of structure resulting from the mass 

FIG. J.-Widmanstiitlen figures. Meteorite from Toluco, Mexico. 

being made up largely of little spheres called chondri. The 
structure of such meteorites is not strictly comparable to thjlt 
found in any terrestrial rocks. Meunier describes it by the 
term oolitic, but the analogy is not a very close one. The 
structure, therefore, requires a distinctive term, chondritic, 
meaning a rock made up wholly or largely of chondri. 

CRYSTALLINE STRUCTURE. 

Iron meteorites.-Sections of most iron meteorites when 
heated or etched by acids or other etching agent display upon 
their surface well-marked figures formed of series of parallel 
bands intersecting in two or more directions. These figures 
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are called, after Alois von Widmanstatten, who first produced 
them in the year 1808 by heating a section of the Agram 
meteorite, Widmanstatten figures. The production of these 
figures is evidence that the meteorites on which they occur 
( I) have a well-defined crystalline structure and (2) are not 
homogeneous in composition. Evidence of crystalline struc

FIG. 2. FIG. 3. 

FIG. 4 FIG. 5. 

ture is not confined 
to results obtained 
by etching: many 
meteorites show in 
their natural condi
tion a structure of 
plate s intersecting 
at definite angles. 
Study of the angles 
at which the bands 
meet both in etched 
and natural speci
mens shows that the 
crystallization of 
most iron meteorites 
is octahedral, i. e., 
they are formed of 
plates or I amellre 
arranged parallel to 
the four pairs of faces 
of the octahedron. 

Though this arrangement may for practical purposes be con
sidered a simple one, it is really according to Linck the result of 
a polysynthetic twinning. The angles at which the bands inter
sect in any given section depend wholly on the direction of the 
section, as the accompanying figures will show. If the section 
is parallel to an octahedral face it will show three systems of 
bands intersecting at angles of 60° (Fig. 2). If the section is 
parallel to the face of a cube there will be two systems of bands 
intersecting at angles of 90° (Fig. 3). If the section is parallel 
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to a dodecahedral face there will be two systems of bands inter
secting at angles of 1090 28 I and two others parallel to each 
other which will bisect this angle (Fig. 4). Sections in any 
-other direction ( obviously by far the most common) will pro
duce bands running in four directions and intersecting at unequal 
angles (Fig. 5). A small number of iron meteorites show a cubic 
rather than an octahedral crystallization, i. e., they are formed of 
plates arranged parallel to the faces of a cube. These are known 
as "cubic irons," or hexahedrites. A still smaller number exhibit 
no crystalline structure nor Widmanstatten figures. These are 
known as amorphous irons or ataxites. The relative numbers of 
these kinds of irons given in Brezina's classification are, of the 
octahedral irons, 125; of the cubic irons, 26; and of the atax
ites, 14. Among the octahedral irons the particular figures 
exhibited will vary slightly with almost every fall, on account 
of varying width, length, shape and arrangement of the bands 
and abundance and forms of included matter. Width of bands 
is made by Brezina the basis of classification of the octahedral 
irons. He describes the widths as varying from more than 
2.5 mm to less than 0.1 mm. When the intimate structure of the 
bands themselves is considered, they will be found to consist 
of a broad band of dull luster and iron gray color depressed 
below the surface when etched or covered with a thick layer of 
oxide when heated, bounded on either side by thin lamella! of 
bright luster and silver white to yellow color, which stand out 
in relief or are little oxidized. To the broadly banded alloy, 
Reichenbach, who first investigated this structure, gave the 
name of Balkeneisen or kamacite, from "d",aE, a pole or shaft. 
To the narrow banded alloy he gave the name of Bandeisen or 
tamite, from -raU)ea, a fillet or ribbon. When angular interstices 
occur between the intersecting bands they are often filled 
with an alloy intermediate in properties between kamacite and 
taenite. To this Reichenbach gave the name of Fulleisen 
or plessite. The three alloys together he called "the triad." 
Chemical analysis of the members of the triad shows them to be 
alloys of nickel and iron, the first two of which have a fairly 
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uniform chemical composition, though not sufficiently constant 
to warrant their being considered distinct mineral species. The 
percentage of nickel is lowest in kamacite, thus accounting for 
its greater solubility in acid. The formula Fe 14 Ni expresses 
the usual proportion of iron and nickel which it contains. 
Taenite contains a much larger proportion of nickel and hence 
is less soluble in acid. Its formula has been given both as 
Fe 6 Ni and Fe 5 Ni 2 • According to Tschermak the taenite of the 
Ilimae meteorite consists of a network of different substances, 
and it is doubtful whether in any meteorite it is a homogeneous 
substance. The third member of the triad, plessite, has a very 
variable composition and the latest investigations make it 
doubtful whether it differs essentially from kamacite. Inclu
sions of other minerals occurring in iron meteorites are 
usually surrounded by a layer of kamacite. Kamacite of this 
sort, while it does not differ in composition or structure from 
the ordinary kamacite, has been designated by Brezina as 
"wt"ckel-kamazt"t" (swathing kamacite) and was called by Reich
enbach .. Hulleisen." While the octahedral irons always con
tain two or more of the above alloys, cubic irons contain 
only one, viz., kamacite. This usually shows a parallel banded 
structure on etching, but is not divided into well-marked 
lamell:e. Etched sections of cubic irons also exhibit fine 
depressed lines called Neumann lines. They are somewhat 
promiscuously scattered, having neither the abundance nor 
the regularity of Widmanstatten figures. They are usually 
interpreted as intercalated lamell:e in twinning relation to 
the main individual which are more easily dissolved by acid 
than the other lameIl:e. They have been likened to the twin-

ning lamell:e parallel to - ~ R often seen on a piece of calcite. 
2 

Tschermak regards their formation as simultaneous with the 
crystallization of the iron, while Sadebeck and Linck consider 
them of secondary origin, perhaps as a result of jar or shock. 
Many cubic irons also exhibit orientated sheen (krystal damast, 
mot"re metallt"que). This is formed partly by differential etching 
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of parallel bands and partly also by the above described N eu
mann lines. Sheen, Neumann lines, and parallel banded struc
ture of the cubic meteorites will be found on close examination 
to characterize the kamacite of many octahedral irons (sckraffir
len kamazil of Reichenbach), while the kamacite of other octa
hedral irons is wholly granular (jlecki~ kamazil of Brezina). 

Regarding the part played by the different alloys in the 
process of crystallization, opinions differ, though the general 
opinion is that the kamacite crystallized first and the other 
substances arranged themselves accordingly. Sorby likened 
the process to the forming of needles of ice on .the surface 
of water, leaving angular spaces which were filled later. J. 
Lawrence Smith on the other hand, thought that the foreign 
minerals, such as schreibersite, separated and crystallized first 
and the purer alloys followed. Huntington is of a similar opin
ion and draws attention to the close resemblance in appearance 
between Widmanstatten figures and the arrangement of inclu
sions of magnetite in mica in support of the view. 

Most. authorities agree that the crystalline structure exhibited 
indicates that the masses must have remained for a long time in 
a fused or viscous state from which they cooled but slowly. 
The conclusion of Tschermak was that "the greater number 
of meteoric irons exhibit a structure which indicates that each 
formed a part of a large mass possessing similar crystalline char
acters and the formation of such large masses presupposes long 
intervals of time for tranquil crystallization at a uniform temper
ature." Sorby reached a similar conclusion and regards the 
Widmanstatten figures" as the result of s.uch a complete separa
tion of the constituents and perfect crystallization as can occur 
only when the process takes place slowly and gradually. They 
appear to me to show that the mass was kept for a lo~g time at 
a heat just below the point of fusion." 

2. Iron-slone meleon·les.-The metallic portions of most mete
orites of this class show Widmanstatten figures on etching. The 
mineral silicates entering into the composition of the mass also 
often exhibit well-defined crystal forms, the perfection of which is 
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sufficient to permit accurate measurements of the crystal planes. 
A curious feature of these crystals, however, and one which has as 
yet received no adequate explanation is that they usually exhibit 
a rounding of the solid angles and edges, giving an appearance 
of a sphere on which facets have been cut. 

3. Stone meteorites . ....:.-To what extent a primary crystalline 
structure characterizes stone meteorites, is a point regarding 
which, as has been said, no two observers are likely to agree. 
The minerij.ls of many meteorites occur in well crystallized form, 
but whether they have crystallized in situ or are mere splinters 
from previously existing masses is a disputed point in most 
cases. The number of stone meteorites showing a holo-crystal
line structure similar to that characterizing terrestrial rocks is 
certainly small. Such as may be of this character are fine
grained and resemble fine-grained basalts in their structure. 

Among minerals occurring in well defined crystal forms, 
whatever their relation to the mass as a whole, enstatite, chryso
lite, augite, and plagioclase are the most common and charac
teristic. The crystals of these minerals usually have well-defined 
boundaries and exhibit planes corresponding to those of terres
trial minerals of the same kinds. Twinned individuals are com
mon and a lamellar arrangement of inclusions is sometimes seen. 
There is a complete absence, however, of layers of growth or of 
zonal structure so common in the minerals of volcanic terres
trial rocks. The crystal individuals often contain large quanti
ties of glass and often present a highly fissile structure. Another 
remarkable feature is a complete absence of fluid inclusions. 
Gas pores while occasionally to be seen are exceedingly rare. 
The latter fact, it may be remarked, furnishes a strong argument 
against any theory which regards meteorites as having been 
formed d;rectly from vapors. 

CRYPTOCRYSTALLINE AND AMORPHOUS STRUCTURES 

I. Iron meteorites.-The term amorphous irons or ataxites is 
usually used to designate iron meteorites which give no Widman
sHitten figures on etching. Such irons are few in number and the 
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present supposed number will doubtless be further reduced by care
ful study since some accredited meteorites will be found to be arti
ficial irons and others will give Widmanstatten figures on further 
treatment. The true ataxites resemble ordinary cast iron in struc
ture. There are sometimes variations in a single mass from a com
pact homogeneous structure to one of ct. coarse grained character. 
Several show indistinct broad bands and others a sheen (Eisen
moler, moire metallt"que) on etching. Inclusions of graphite, phos
phides and sulphides of iron (such as schreibersite, troilite, etc.) 
occur as in the octahedral irons. Unusually high content of 
nickel characterizes some, while others have an average com
position. On the whole the ataxites may be said to form an 
anomalous and little understood group. 

2. Stone meteorites.-No stone meteorites are amorphous in 
structure as a whole; only the ground mass is sometimes found to 
be of this character. In some cases a ground mass appearing 
amorphous is found in reality to be made up of consolidated frag
ments of dust-like minuteness. In other cases, as in the stones of 
Richmond and Goalpara, the ground mass is really semi-glassy 
and unindividualized. The ground mass of most of the carbona
ceous meteorites is of.a black unindividualized character, and 
appears closely allied to the substance to be described later as 
forming veins. In the brecciated stones of Orvinio and Chan
tonnay a black ground mass cements the fragments of chondri tic 
texture together and exhibits a distinct flow structure about 
them. A brown glass is also found cementing together some of 
the crystalline and tuffaceous meteorites. 

BRECCIATED STRUCTURE. 

This is of rather common occurrence. According to WUlfing's 
classification it characterizes meteorites of sixty-two falls. Brec
cias occur both of the type of angular fragments compressed 
together and of angular fragments imbedded in a ground mass 
which may have been at one time in a fused or pasty condition. 
Among the iron meteorites the fragments are largest in the Mt. 
Joy meteorite. The contour of each of these is so distinct that 
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there can be little doubt that the mass was made up by the 
aggregation of solid angular fragments. The meteorites of 
Zacatecas and Kendall counties have a similar structure, though 
the component fragments are much smaller. 

Some of the iron-stone meteorites have likewise a brecciated 
structure resulting from the imbedding of angular masses of sili
cates in a metallic base. The meteorite of Copiapo, for example. 

FIG. 6.-Brecciated structure. Mt. Joy Meteorite. 

has such a structure and its formation is exactly analogous, in the 
view of Meunier, to the dike breccias produced on the earth by 
intrusive igneous eruptions tearing off fragments of the rock 
through which they have ascended and enclosing them in its 
pasty mass. In this case the intrusive matter was fused nickel
iron. In other iron-stone meteorites, such as Vaca Muerta and 
Eagle Station, the silicate fragments are likewise angular. 
Reichenbach is authority for the statement that the iron in these 
adapts itself to the form of the stone rather than the contrary. 

The fragments forming the breccia in stone meteorites are 
often of considerable size. The largest which I have noted in 
the stony meteorites (Weston) IS about one cubic inch 10 

contents. 
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Often the fragments differ enough in color from one another, 
or from the ground mass, so that the brecciated character is 
plainly visible to the naked eye. In the stone of Weston, for 
example, the ground mass is gray, the enclosed fragments 
blue. In the stone of Siena the angular fragments are of a 
dark color and the enclosing magma is light colored, while 
of Bandong, Saint-Mesmin and others the reverse is true. In 
other meteorites the two components differ chiefly in grain and 
coherence, as in the meteorites of ]elica, Manbhoom, and Soko
Banja. In these the ground mass is of a somewhat coarse, 
friable character, while the enclosed fragments are of a dark, fine
grained rock. In regard to the ground mass of other brecciated 
stone meteorites it may be stated that it may itself be made up 
of rock splinters, i. e., have a t!lffaceous character, or it may be 
crystalline or half glassy. The half glassy ground mass of the 
Orvinio and Chantonnay meteorites, as already noted, shows a 
distinct flow structure around the fragments which it encloses. 

AGGLOMERA~ED, SANDSTONE-LIKE AND TUFFACEOUS STRUCTURES. 

These may be said to differ from brecciated structure only in 
the smaller size of the component fragments. The fragments may 
range from the size of small peas in meteorites of agglomerated 
structure through that of coarse sand in those which are sandstone
like .to that of splinters and fine dust in the tuffaceous meteorites. 
In the agglomerated meteorites it is often possible to recognize 
different kinds of rocks. Thus in the Parnallee meteorite Meunier 
believes he has recognized seven distinct lithologic types. Of the 
sandstone-like meteorites that of Chassigny is the best example. 
It. is made up of rounded grains of the size of coarse sand. The 
Shergotty and Ibbenbiihren meteorites are likewise granular in 
appearance. Not all observers, however, agree that the above 
are clastic in their origin. The tuffaceous structure is a common 
one in meteorites, Tschermak, as already noted, regarding prac
tically all stony meteorites as of this nature. The resemblance of 
these to terrestrial volcanic tuffs is very close, though the stratifl
cation which usually characterizes the latter has never been 
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observed. The tuffaceous meteorites are made up of splint
ers and dust varying in degree of consolidation. They are often 
finely porous so as to soak up fluids readily. The splinters of 
which they are made up may be similar in character (Shalka) or 
sti'ikingly dissimilar (Luotolaks). 

O. C. FARRINGTON. 

(To be continued) 
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EDITORIAL 

THE thirteenth meeting of the Geological Society of America, 
held in Albany, N. Y., was very satisfactory. The location was 
sufficiently central to insure a good attendance, the hotel accom
modations were exceIIent and convenient to the place of meet
ing, and the number of papers was not more than could be read 
and discussed within the time of the meeting. The lo.:al com
mittee, Dr. F. ]. H. Merrill and Dr. ]. M. Clarke, are to be 
congratulated on their hospitality and the success of their 
arrangements. 

The postponement of President Dawson's address to the last 
day of the meeting was regretted by those who were unable to 
remain through the three days. It would seem advisable to 
have the presidential address delivered on the second day of 
the meeting, when there is the greatest number of members 
present. 

The most notable feature of this meeting of the Geological 
Society, in the city that is looked upon as the cradle of Ameri
can geology, was the conspicuous absence of a suitable monu
ment to the memory of those pioneers of geological science who 
have opened a highway to stratigraphy through New York state. 
and have made of the state a corner stone of the geologicClI 
structure of the whole country. Such a monument should take 
the form of a building in which not only the names and records 
of New York's venerated geologists may be inscribed and their 
coIIections preserved, but where their labors may be carried for
ward and from which inspiration and assistance may spread to 
geological workers throughout the state. In a state less than 
New York the absence of such a monument might pass unno-
ticed. 

]. P. I. 
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THE second annual meeting of the Cordilleran section of the 
Geological Society of America was held on December 28 and 
29. The morning session on the 28th took place in the council 
room of the California Academy of Sciences, in San Francisco. 
For the succeeding three sessions the members gathered in the 
rooms of the Geological Departmer.t of the University of Cali
fornia. 

The following persons were present at the meeting of the 
section: 

W. P. Blake. E. W. Claypole. A. S. Eakle. H. W. Fairbanks. E. W. 
Hilgard. W. C. Knight. A. C. Lawson. H. W. Turner. F. M. Anderson, 
W. C. Blasdale. F. C. Calkins. H. W. Furlong. O. H. Hershey. G. D. 

, Louderback. C, F. Newcombe. W. J. Sinclair. J. C. Merriam. 

At the first session Professor Wilbur C. Knight was elected 
chairman, Professor Andrew C. Lawson, secretary, and Dr. A. S. 
Eakle, councilor for the ensuing year. 

In the course of the four sessions the following papers were 
read and discussed: 

The Evidences of Shallow Seas in Paleozoic Time in Southern Ari
zona. By W. P. BLAKE, Tucson, Ariz. 

In the mountain ranges of southern Arizona there is abundant evi
dence of shallow seas and shor~ lines in Paleozoic time. These 
shores were not, pe;rhaps, a continental margin, but rather the borders 
of islands, crests of submerged mountain ranges rising at intervals 
above the Paleozoic ocean and with a trend or direction corresponding 
eventually to the direction of the mountain ranges of the region. 

A cross·section of the territory northeasterly from the Gulf of Cali
fornia shows a succession of mountain ranges, some fifteen in number, 
in most of which ancient sandstones and conglomerates of Paleozoic 
age have been identified. Many of the exposures of quartzite are very 
thick, and these quartzites generally rest upon a coarse-grained por
phyritic granite. Deep-sea deposits are not wanting. Thick beds 
of limestone, especially those of the Carboniferous, give evidence of 
depressed areas and of oscillations of level. So, also, the existence of 
thick, uplifted beds of graphitic coal in the Chiricahua Mountains bear 
testimony to the former existence of land areas, and show a far western 
extension of the vegetation of the Carboniferous .. 
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Two localities of Devonian beds were described j one in the Santa 
Ritas and another at the northern end of the Santa Catalina Moun
tains. 

The probable existence of Cambrian beds at several places was 
pointed out and the ancient tabular gneissic rocks of the Catalinas 
were referred to the Archean, and regarded as probable equivalents 
of the Huronian and Laurentian. 

The Sierra Madre near Pasadena. By E. W. CLAYPOLE, Pasadena, 
Cal. 

The paper opened with an expression of the surprise with which 
geologists who have worked principally in the East witness the enor
mous development and the excessive diastrophism exhibited by Ter
tiary and even by very late Tertiary strata in the West, and these 
characters are as well seen in California as in any other western state. 
The whole Tertiary period has apparently been signalized by thick 
accumulation, with alternate elevation and depression. Not less has 
its passage been characterized by volcanic outbursts of intense energy 
and by quiet outflows of lava almost unequaled in massiveness and 
extent. 

Two great mountain ranges diverging in the north and meeting 
again in Kern county, inclose between them the San Joaquin Valley. 
This southern meeting forms one of the great natural features of the 
state-the Tehachapi Divide. 

Speaking now only for the southern part of the state, there seems 
ample ground for the belief that these ranges have existed from at 
least Cretaceous if not from earlier Mesozoic time. It is not otherwise 
easy to find a source for the enormous Pliocene, Miocene and Eocene 
accumulations of the Pacific margin so far from the Sierra Nevada. 

Thick gneissic strata of two types, and standing nearly vertical, 
compose the range of the Sierra Madre near Pasadena. That to the 
south contains a large proportion of hornblende, weathers rapidly and 
deeply, and is consequently eroded with comparative facility. That 
to the north is largely feldspathic, contains little hornblende, and of it 
consist the white crags that stand out so boldly on the upper slopes. 
The former of .these masses cannot be less than 2000-3000 feet thick, 
but it does not rise in the mountain to a greater height than 3500 feet. 

Of the wreckage from these two gneissic masses the material filling 
the valley of Pasadena is composed. From great bowlders near the 
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foot of the Sierra it gradually diminishes till it becomes, in many 
places, a fine gravel and at last a fine silt. This last composes the 
adobe land around Los Angeles and also the many sheets of the same 
material which lie in the gravel, and are the holding-ground of the 
water supply. This has been so largely exploited during the two late 
dry seasons that the work has resulted in restoring confidence in 
the water resources of the valley, of which some had become rather 
doubtful. 

The highly aluminous nature of many of these beds indicates a very 
extensive decay or kaolinization of the gneisses of the Sierra and together 
with the diluvial arrangement of the Pleistocene wash in the valley 
rather indicates a long continuance of the present climatic conditions 
than a past of greater and steadier rainfall. 

The multiplication of wells has not yet shown any effect in lower
ing the water level unless perhaps in a few cases and this result is the 
more surprising and gratifying because it comes after two dry seasons 
in which only eleven inches of rain have fallen. Already this year, a 
greater total has been received than the above though the wet period 
has scarcely begun. 

When to this is added the storage of the rainwater in tanks and 
ponds and the reforesting of the Sierras, wherever possible, it will be 
seen that the maintenance of the water supply in the future is encour
aging. 

Bates' Hole. By WILBUR C. KNIGHT, Larllmie, Wyo. 
Bates' Hole, a great natural depression, is located along the east 

and west boundary line between Carbon and Natrona counties, Wyom
ing; extending southward from six to ten miles into Carbon county 
and from twenty to twenty-five miles into Natrona county. The bot
bom of this depression is 800 feet below the rim near the head and 
over 1700 feet below it near the Platt River. The drainage is practically 
confined to Camp Cree'k which rises at the southern end of the Hole; 
but which affords water for only a portion of the year, and Bates Creek 
which rises in the Laramie Mountains and furnishes quite a stream. The 
country about this area is comparatively level; but to the eastward only 
a few miles rise the Laramie Mountains, and to the westward the 
Indian Grove and other ranges, which are made up of Mesozoic, 
Paleozoic, and Archean rocks. In length Bates' Hole varies from 
twenty-five to thirty-five miles and in width from six to twelve miles; 
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the lower end being much the wider. The dominant formation enter
ing into the structure of this region is Tertiary j but this rests nearly 
horizontally upon a very uneven floor of older rocks, which in the 
central portion have been exposed and suffered extensive erosion. 
From the rim the slopes are very steep throughout, seldom being less 
than ISo to 20 0 and usually much higher and in many instances 
from 28 0 to 34 0 • Occasionally there are vertical walls of the Tertiary 
rocks from 100 to 200 feet, carved in the most unusual manner and 
often cut with deep, narrow, dry gorges. Capping the highest Tertiary 
escarpments there is a heavy conglomerate of unknown age j beneath 
this are the Titanotherium beds which have a thickness of about 600 

feet, and in local depressions in the Cretaceous series underlying this 
region there is a third series of Tertiary beds, composed of variegated 
clays and sands that is in all probability Eocene. Along the Platte 
River all of the Tertiary rocks have been removed and along the Laramie 
Mountains there are exposed in natural order, Cretaceous, Jurassic, 
Triassic, Carboniferous, Cambrian, and Archean as one ascends the 
range. Along the Tertiary escarpments are numerous stunted pines 
(Pinus flexlis) whose roots are exposed from one to eight feet which 
signifies very rapid erosion. This erosion has been very general and 
data that will aid us in determining the age of Bates' Hole are well in 
hand. Illustrated with lantern slides. 

A Geological Section through tke John Day Basin. By JOHN C. 
MERRIAM, Berkeley, Cal. 

The John Day River and its tributaries have exposed in the erosi on 
of their canyons about ten thousand feet of strata, giving a full series 
of formations from Lower Cretaceous to Quaternary. 

The oldest rocks in this region, which are known to the writer, are 
a series of altered sedimentaries in the northeastern part of the basin. 
They are pretty certainly of pre-Cretaceous age and are underlain by 
quartz diorite I which is presumably intruded into them. 

On Bridge Creek, near Mitchell, a great thickness of Cretaceous is 
exposed. The lower 2000 to 3000 feet of this section are typical 
Knoxville. The upper 1000 to 2000 feet are Chico. 

Resting upon the Chico, near Mitchell, also showing typical expo
sures at Clarno's Ferry, is a presumably Eocene formation to which the 
name Clarno is given. This formation is made up entirely of tuffs, 

I Determined by Frank C. Calkins. 
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ashes, and lavas. In places it contains many plant remains and is 
apparently in part a fresh water formation. 

The John Day formation rests directly upon the Clarno at Clarno's 
Ferry. The basin in which it was deposifed is quite different from 
that of the Clarno. It probably rests unconformably upon that formation. 
The Lower John Day beds are considerably contorted in ·some locali· 
ties. Ordinarily they are colored a deep red. Fossil remains are 
exceedingly rare in this division. 

The blue-green beds of the Middle John Day are very fossiliferous. 
They correspond to the Diceratherium beds of Wortman. The Upper 
or Buff beds of the John Day lap over the middle division and rest 
in places upon the older formations. The upper division corresponds 
to the Merycochrerus Beds of Wortman. As MerycochO!rus does not 
occur in the John Day, the upper division will be called the Paracotylops 
Beds. This name is based on the new generic name proposed by W. 
D. Matthew for the Upper John Day oreodons, originally supposed to be 
MerycochO!rus. 

The Columbia lava, an extension of the lavas on the Columbia 
River to the north, rests unconformably upon the crumpled John Day 
formation. The name Columbia lava should be restricted to this 
horizon of the lavas in this region, as other beds included in this group 
belong in some cases to different geological periods. 

The Cottonwood (Loup Fork) formation, near 1000 feet in thick
ness, rests upon the Columbia lava. The Van Horn Ranch plants~ 
which have generally been considered as John Day, are from this 
horizon. Remains of a true John Day flora, which had not previously 
been known, were discovered by the University of California expedition 
in 1900. The discovery of the true stratigraphic position of the Van 
Horn Ranch flora explains the apparent inverted position of the Neo
cene formations in central Washington. 

Resting on the worn edges of the Cottonwood Beds is the Rattle
snake formation, comprising several hundred feet of gravel, tuff, and 
lava. 

In canyons cut through the Rattlesnake and Cottonwood are 
several terraces. Remains of elephants and later horses found in the 
lower terrace deposits show that they were formed in Quaternary time. 

The paper was illustrated with lantern slides showing the principal 
formations and their relations to each other. 
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Tk! Geology oj tke Great Basin in Eastern California and Soutk
western Nevada. By H. W. TURNER, San Francisco, Cal. 

The ridges of the western edge of the Great Basin in Nevada and 
eastern California are usually very complex in structure and composition. 
They comprise sediments of Paleozoic and Jura-Trias age much dis
turbed at some points by intrusions of granolites. In Tertiary time 
there were extensive lakes, and contemporaneous with these lakes and 
also later are lavas and tuffs in large amounts, chiefly rhyolites, andes
ites, and basalts. 

The formation of the ranges, or at least their latest uplifts, date 
from the late Tertiary and post-Tertiary time. 

They were elevated along normal faults, the valleys being in part 
subsided areas, often of the nature of rock basins, whose rims are com
posed of rocks older than the desert detritus. 

There are some gneisses pretty certainly of pre-Cambrian age_ 
These gneisses underlie Lower Cambrian sediments rich in fossil 
remains at some points. There is an extensive chert series containig 
abundant graptolites supposed to be of Lower Silurian age. There 
are Lower Trias beds in the Inyo Range and Jurassic limestone in the 
Pilot Mountains. 

The Tertiary lake beds contain abundant plant, molluscan, and fish 
remains. 

The paper was illustrated with lantern slides. 

Notes on tke Geology oJthe Three Sisters, Oregon. By H. W. FAIR

BANKS, Berkeley, Cal. 

The Three Sisters form a group of volcanic peaks upon the summit 
of the Cascade Range, in central Oregon. They rise to a height of 
about ten thousand feet, and are quite similar in many respects to the 
other great volcanic peaks which mark the crest of the Cascade Range 
through Oregon and Washington. 

This group of peaks is marked by the pres~nce of a glacier nearly 
three miles long and half a mile wide. 

To the north of the peaks recent volcanic activity is indicated by 
extensive flows of basic lavas. Volcanic eruptions have occurred since 
the glacial period, as shown by the relation of the lavas to the grooved 
and polished surfaces. A volcanic cone upon the North Sister lies in 
the path of the present glacier. 

Illustrated by lantern slides. 
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A Sketcle 0/ tke Pedological Geology 0/ California. By E. W. HIL

GARD, Berkeley, Cal. 

Owing to the great climatic diversity, the rainfall varying from two 
inches at the south to as much as eighty inches in the north, even a 
sketch of the soil conditions of California must take the climates into 
consideration. The cardinal difference between rock decomposition 
in arid as compared with humid climates lies in the retardation of kao-. 
linization, as exemplified in the monoliths Of Egypt and the granites 
of the Sierra Madre, as compared, t. g., with the Alleghanies. Hence 
in northern California and on the higher Sierra Nevada we find loams 
and clay soils, while at the lower levels and in southern California the 
soils are "dusty" or sandy, except where derived from preexisting 
clay formations, which give rise to " adobe," and in the upper valleys 
of the rivers of the Sierra, which carry the materials from the higher 
levels. 

Throughout the middle and southern parts of the state, where no 
rains of consequence fall between May and November, not only is the 
soil mass usually of extraordinary depth, but is scarcely changed for 
several, sometimes for four to ten, feet. There is practically no subsoil 
in the usual sense, in the absence of clay; water, roots, and air pene
trate together to depths impossible in the regions of summer rains, 
and hence the extraordinary endurance of drought, even by plants 
foreign to the arid region. Moreover, these soils almost universally 
contain high percentages of lime and potash, due to the absence of 
the leaching process, which, on .the other hand, results in the forma
tion of "alkali soils," too complex a subject to be dealt with here. 

"Salld" in the arid soils is not merely quartz grains, but consists 
of all the original minerals, superficially decomposed. Hence sandy 
lands are here fully as rich as clay lands are elsewhere. 

In the Great Valley it is easy to recognize by their microscopic 
characters the alluvial areas of the several rivers coming in from the 
Sierra. Even here the greater rainfall of the Sacramento is .evidenced 
by loam and clay lands, as compared with the San Joaquin· valley, 
where sandy and silty lands prevail altogether. As the rainfall decreases 
toward the Coast Ranges, the" lightest" are found under the arid lee 
on the west border of the valley. In its axis, in the" tule lands," as 
well as on the borders of the bays near its outlet, heavy clay soils are 
being formed in the slack water, while the streams coming from the 
Coast Ranges are bordered by light silty lands, the" truck lands" from 
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THE STRUCTURE OF METEORITES 

Often the fragments differ enough in color from one another, 
or from the ground mass, so that the brecciated character is 
plainly visible to the naked eye. In the stone of Weston, for 
example, the ground mass is gray, the enclosed fragments 
blue. In the stone of Siena the angular fragments are of a 
dark color and the enclosing magma is light colored, while 
of Bandong, Saint-Mesmin and others the reverse is true. In 
other meteorites the two components differ chiefly in grain and 
coherence, as in the meteorites of ]elica, Manbhoom, and Soko
Banja. In these the ground mass is of a somewhat coarse, 
friable character, while the enclosed fragments are of a dark, fine
grained rock. In regard to the ground mass of other brecciated 
stone meteorites it may be stated that it may itself be made up 
of rock splinters, i. e., have a t!lffaceous character, or it may be 
crystalline or half glassy. The half glassy ground mass of the 
Orvinio and Chantonnay meteorites, as already noted, shows a 
distinct flow structure around the fragments which it encloses. 

AGGLOMERA':fED, SANDSTONE-LIKE AND TUFFACEOUS STRUCTURES. 

These may be said to differ from brecciated structure only in 
the smaller size of the component fragments. The fragments may 
range from the size of small peas in meteorites of agglomerated 
structure thrqugh that of coarse sand in those which are sandstone
like to that of splinters and fine dust in the tuffaceous meteorites. 
In the agglomerated meteorites it is often possible to recognize 
different kinds of rocks. Thus in the Parnallee meteorite Meunier 
believes he has recognized seven distinct lithologic types. Of the 
sandstone-like meteorites that of Chassigny is the best example. 
It is made up of rounded grains of the size of coarse sand. The 
Shergotty and Ibbenbiihren meteorites are likewise granular in 
appearance. Not all observers, however, agree that the above 
are clastic in their origin. The tuffaceous structure is a common 
one in meteorites, Tschermak, as already noted, regarding prac
tically all stony meteorites as of this nature. The resemblance of 
these to terrestrial volcanic tuffs is very close, though the stratifi
cation which usually characterizes the latter has never been 
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observed. The tuffaceous meteorites are made up of splint
ers and dust varying in degree of consolidation. They are often 
finely porous so as to soak up fluids readily. The splinters of 
which they are made up may be similar in character (Shalka) or 
strikingly dissimilar (Luotolaks). 

o. C. FARRINGTON. 

(To be continued) 

Digitized by Google 

I 
I 
II 



EDITORIAL 

THE thirteenth meeting of the Geological Society of America, 
held in Albany, N. Y., was very satisfactory. The location was 
sufficiently central to insure a good attendance, the hotel accom
modations were excellent and convenient to the place of meet
ing, and the number of papers was not more than could be read 
and discussed within the time of the meeting. The lo.:al com
mittee, Dr. F. ]. H. Merrill and Dr. ]. M. Clarke, are to be 
congratulated on their hospitality and the success of their 
arrangements. 

The postponement of President Dawson's address to the last 
day of the meeting was regretted by those who were unable to 
remain through the three days. It would seem advisable to 
have the presidential address delivered on the second day of 
the meeting, when there is the greatest number of members 
present. 

The most notable feature of this meeting of the Geological 
Society, in the city that is looked upon as the cradle of Ameri
can geology, was the conspicuous absence of a suitable monu
ment to the memory of those pioneers of geological science who 
have opened a highway to stratigraphy through New York state, 
and have made of the state a corner stone of the geologicql 
structure of the whole country. Such a monument should take 
the form of a building in which not only the names and records 
of New York's venerated geologists may be inscribed and their 
collections preserved, but where their labors may be carried for
ward and from which inspiration and assistance may spread to 
geological workers throughout the state. In a state less than 
New York the absence of such a monument might pass unno-
ticed. 

]. P. I. 
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THE second annual meeting of the Cordilleran section of the 
Geological Society of America was held on December 28 and 
29. The morning session on the 28th took place in the council 
room of the California Academy of Sciences, in San Francisco. 
For the succeeding three sessions the members gathered in the 
rooms of the Geological Department of the University of Cali
fornia. 

The following persons were present at the meeting of the 
section: 

W. P. Blake. E. W. Claypole. A. S. Eakle. H. W. Fairbanks. E. W. 
Hilgard. W. C. Knight. A. C. Lawson. H. W. Turner. F. M. Anderson. 
W. C. Blasdale. F. C. Calkins. H. W. Furlong. O. H. Hershey. G. D. 

, Louderback. C. F. Newcombe. W. J. Sinclair. J. C. Merriam. 

, At the first session Professor Wilbur C. Knight was elected 
chairman, Professor Andrew C. Lawson, secretary, and Dr. A. S. 
Eakle, councilor for the ensuing year. 

In the course of the four sessions the following papers were 
read and discussed: 

Tke Evidences 0/ Skallow Seas in Paleozoic Time in Soutkern Ari
zona. By W. P. BLAKE, Tucson, Ariz. 

In the mountain ranges of southern Arizona there is abundant evi
dence of shallow seas and shor~ lines in Paleozoic time. These 
shores were not, pc;rhaps, a continental margin, but rather the borders 
of islands, crests of submerged mountain ranges rising at intervals 
above the Paleozoic ocean and with a trend or direction corresponding 
eventually to the direction of the mountain ranges of the region. 

A cross-section of the territory northeasterly from the Gulf of Cali
fornia shows a succession of mountain ranges, some fifteen in number, 
in most of which ancient sandstones and conglomerates of Paleozoic 
age have been identified. Many of the exposures of quartzite are very 
thick, and these quartzites generally rest upon a coarse-grained por
phyritic granite. Deep-sea deposits are not wanting. Thick beds 
of limestone, especially those of the Carboniferous, give evidence of 
depressed areas and of oscillations of level. So, also, the existence of 
thick, uplifted beds of graphitic coal in the Chiricahua Mountains bear 
testimony to the former existence of land areas, and show a far western 
extension of the vegetation of the Carboniferous .. 
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Two localities of Devonian beds were described; one in the Santa 
Ritas and another at the northern end of the Santa Catalina Moun
tains. 

The probable existence of Cambrian beds at several places was 
pointed out and the ancient tabular gneissic rocks of the Catalinas 
were referred to the Archean, and regarded as probable equivalents 
of the Huronian and Laurentian. 

The Sierra Madre near Pasadena. By E. W. CLAYPOLE, Pasadena, 
Cal. 

The paper opened with an expression of the surprise with which 
geologists who have worked principally in the East witness the enor
mous development and the excessive diastrophism exhibited by Ter
tiary and even by very late Tertiary strata in the West, and these 
characters are as well seen in California as in any other western state. 
The whole Tertiary period has apparently been signalized by thick 
accumulation, with alternate elevation and depression. Not less has 
its passage been characterized by volcanic outbnrsts of intense energy 
and by quiet outflows of lava almost unequaled in massiveness and 
extent. 

Two great mountain ranges diverging in the north and meeting 
again in Kern county, inclose between them the San Joaquin Valley. 
This southern meeting forms one of the great natural features of the 
state-the Tehachapi Divide. 

Speaking now only for the southern part of the state, there seems 
ample ground for the belief that these ranges have existed from at 
least Cretaceous if not from earlier Mesozoic time. It is not otherwise 
easy to find a source for the enormous Pliocene, Miocene and Eocene 
accumulations of the Pacific margin so far from the Sierra Nevada. 

Thick gneissic strata of two types, and standing nearly vertical, 
compose the range of the Sierra Madre near Pasadena. That to the 
south contains a large proportion of hornblende, weathers rapidly and 
deeply, and is consequently eroded with comparative facility. That 
to the north is largely feldspathic, contains little hornblende, and of it 
consist the white crags that stand out so boldly on the upper slopes. 
The former of .these masses cannot be less than 2000-3000 feet thick, 
but it does not rise in the mountain to a greater height than 3500 feet. 

Of the wreckage from these two gneissic masses the material filling 
the vaHey of Pasadena is composed. From great bowlders near the 
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The greenstone, designated the Kawishiwin, is the oldest known 
rock in the state, and is supposed to represent a portion of the original 
crust of the earth. With its associated volcanic rocks it occurs in two 
main belts. The southern belt begins in the vicinity of Gunflint Lake 
and extends westward by way of Gobbemichigamma Lake, the Kawi
shiwi River, and White Iron Lake, to Tower, and indefinitely westward. 
The northern belt of greenstone enters the state from Hunters' Island, 
appearing conspicuously at the south side of Basswood Lake. At 
Pipestone Rapids and Fall Lake it widens southward and apparently 
unites at the surface with the southern belt, the overlying Upper Kee
watin being absent for a distance of a few miles_ But further west it 
is again divided by the Stuntz conglomerate, the northern arm running 
to the north of Vermilion Lake, west of which its extension is unknown, 
and the southern one running south of the lake. 

The fragmental stratified rocks of the Lower Keewatin are most 
important toward the western part of the area of exposure of crystal
line rocks. They occupy a wide area, south, west, and north of Tower. 
The iron ores of Tower and Ely on the Vermilion iron range occur in 
the upper part of the Lower Keewatin. It is probable that the imme
diately enclosing rock is a sedimentary one, although composed of the 
elements of a basic eruptive. The sediments extend south to the Giants 
Range of granite, where they are metamorphosed to mica· schists by 
the granite. Toward the west they extend as far as the Mississippi 
River and its northern tributaries and across the Bowstring, although 
the drift prevents the delimitation of the belt. To the northwest they 
extend toward Rainy Lake, in this direction being converted into 
mica-schists and gneisses by the intrusion of granite; in unmodified 
form they are found at one point only on Rainy Lake. These frag
mental rocks of the Lower Keewatin doubtless also underlie most of 
the central and southwestern part of the state as far as the Minnesota 
River. Here they dip beneath the later formations in the southwestern 
portion of the state, and probably occupy a wide patch in South 
Dakota. South of the Giants Range they occur also, but as they are 
covered by the gabbro and Animikie toward the east and the drift 
deposits of the St. Louis valley toward the west their geographic 
boundaries are mostly unknown. They appear in the central and 
western portions of Carlton county, where their line of separation 
from the Upper Keewatin is quite obscure, and in the central 
and western portions of Morrison county. The Lower Keewatin 
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marble is seen at Lake Ogishke-Muncie and at Pike Rapids on the 
Mississippi. 

The Lower Keewatin was terminated by a period of extensive 
folding and intrusions of granite and basic rocks. 

The Pewabic quartzite belongs with the Keewatin, but whether to 
the Lower or Upper Keewatin is not known. This formation includes 
altered quartzites and iron-ores between the granite and gabbro in the 
immediate vicinity of Birch Lake and small patches of similar rocks in 
Sec_ 30-62-10; on the south shore of Disappointment Lake; on the 
north shore of Fraser Lake; on the south shore of Gabbemichigamma; 
at Akley Lake, forming the so-called Akley Lake series extending 
from the west side of Sec. 34-65-5 to the eastern part of Sec. 27-65-4. 

The Upper Keewatin occurs in troughs in the Lower Keewatin, and 
particularly in one main trough the axis of which is traceable from 
Vermilion Lake to Saganaga Lake. The northern arm of this syncline, 
consisting of granites, gneisses, associated mica-schists, and in some 
places earlier greenstones, extends from the northern part of Vermilion 
Lake through Basswood Lake to the northern side of Hunter's Island. 
The southern arm, consisting of Lower Keewatin green-schists and 
other schists, penetrated by the granite of the Giants Range, extends 
from Pokegama Falls on the southwest toward the northeast, until cut 
out by the encroachment of the gabbro from the south. The Upper 
Keewatin consists very largely of conglomerates, but also includes 
graywackes, argyllites, quartzites, and jaspilites, in general coarser than 
those of the Lower Keewatin. Volcanic rocks are less important than 
in the Lower Keewatin, although still present. There is no general 
order of succession in the Upper Keewatin excepting that it can be 
said that it is in general conglomeratic at the bottom. 

After Upper Keewatin time both the Lower and Upper Keewatin 
were subjected to another folding, the axis of which had a general 
parallelism with the earlier folding, with the result that the Upper Kee
watin lies in narrow synclines in the Lower Keewatin and in places 
is nearly or quite vertical. 

Associated with the Keewatin rocks are granites of at least two 
periods of intrusion, one later than the Lower Keewatin and one later 
than the Upper Keewatin. The later granite is believed to be repre
sented by the higher parts of the Giants Range and the Snowbank 
Lake granite. The earlier granite is represented by the granites at 
Kekequabic Lake, Saganaga Lake, Basswood Lake, Burntside Lake, 
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Vermilion Lake, Lac la Croix, and Kabetogoma Lake. The origin of 
the granite is discussed and the same conclusions reached as in a previ
ous article.' 

The Taconic.- This is unconformably above the Keewatin rocks. 
It comprises the Animikie and Keweenawan divisions. 

The Animikie rocks enter the state at Pigeon Point, run westward 
along the international boundary to the eastern part of Secs. 22 and 27 

T. 65 N., R. 4 W. They reappear again southwestward from Birch 
Lake on the northwest side of the gabbro mass, and thence continue 
along the south side of the Giants Range, constituting the Mesabi iron 
series, to Pokegama Falls. The higher parts of the Animikie are best 
developed toward the east, while the lower parts are best developed 
toward the west. 

The Animikie rocks comprise the Pokegama quartzite, Mesabi iron· 
bearing formation, some limestone and slate, all strictly conformable 
with one another. The thickness is several hundred feet, sometimes 
reaching nearly 1000 feet. The dip of the series is uniformly to the 
south, 8° to 12°. 

The iron·bearing formation and the Pokegama quartzite constitute 
the base of the formation. The quartzite in places is beneath the iron 
formation; in other places it is in the same horizon; and in still others 
is above the iron formation. Commonly the base of the Animikie is 
marked by a conglomerate, containing d~bris from the underlying 
Keewatin rocks. This is a narrow horizon which soon graduates 
upward into a quartzite, known as the Pokegama quartzite, from its 
typical development near Pokegama Falls on the Mississippi River. 
The thickness of the quartzite is not known to exceed fifty feet, and is 
sometimes less than twenty· five feet. 

Above the quartzite, or in alternating beds with it, or below it, 
appears the iron· bearing or taconyte member of the Animikie, which 
contains the iron ore deposits of the Mesabi iron range. The ore is 
usually hematite in the western part of the range and magnetite in 
the eastern part. It was previously supposed to have been derived 
from the alteration of a greenish glauconitic sand·rock; but later work 
has seemed to show that the green·sand is a volcanic sand, and that the 
so· called taconitic rock itself has resulted from igneous forces. This 

, The origin of the Archean Igneous Rocks, by N. H. WINCHELL: Proc. Am. 
Assoc. Adv. Sci., Vol. XLVII, 1898, pp. 303, 304 (Abstract). Also Am. Geol., Vol. 
XXII, 1898, pp. 299-310. Summarized JOUR. GEOL., Vol. VII, 1899, p. 194. 
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is accounted for by supposing a chain of active volcanoes to have 
existed where the Mesabi iron range is now found. These volcanoes 
yielded flows and ejectamenta to the adjacent waters which have been 
modified into the various phases of the iron formation now seen. This 
volcanic epoch may have a deep-seated connection with the Cabotian 
or lower division of the Keweenawan (described later). 

Above the iron-bearing member is an impure dark colored lime
stone a few feet in thickness, not exceeding twenty. It extends appar
ently the whole length of the Mesabi range, but has been identified in 
two places only, Sec. 7, T. 58 N., R. I7 W., and doubtfully on the 
shores of Gunflint Lake. This limestone may be regarded as the basal 
horizon of the next overlying rock. 

The black slate is probably several thousand feet in thickness and 
constitutes the bulk of the Animikie. In the neighborhood of Gunflint 
Lake it has been divided by Dr. Grant into a lower black slate division 
and an upper graywacke-slate division, both of which members are 
interleaved with diabase sills. 

In the Indian reservation at Grand Portage and at various places 
along the Grand Portage trail is a graywacke, which is supposed to 
overlie the black slate member, but its extent and stratigraphical posi
tion have not been satisfactorily established. 

The top of the Animikie has not been identified. The first recog
nizable datum plane after the close of the Animikie is the Puckwunge 
conglomerate, supposed to be the fragmental base of the Keewee
nawan. 

At one or two places southwestward from Birch Lake, and at Little 
Falls on the Mississippi River, and in Morrison county, the Animikie 
has been converted into a mica-schist. 

The age of the Animikie is believed to be Lower Cambrian for the 
following reasons: It graduates upward into Upper Cambrian rocks as 
seen on the south side of Lake Superior. The derivation of the iron 
ores from a glauconitic green-sand indicates that large quantities of 
foraminiferal organisms once lived in the Animikie ocean, and 
Matthew has shown the existence of foraminiferal organisms associ
ated with the iron ore in the St. Johns group of New Brunswick. Fur
ther the Animikie has a uniformly low dip, while the lower strata are all 
highly tilted. There must therefore have been a great lapse of time 
between the deposition of the two series. 

The Keweenawan.-The Puckwunge conglomerate is taken to be 
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the fragmental base of the Keweenawan, although certain igneous rocks 
which antedate it and which perhaps are contemporaneous with the 
upper portions of the Animikie are also called Keweenawan. The con
glomerate is found at Grand Portage Island, at Isle Royale, on the 
Baptism River, at Little Marais, on Manitou River, at the deep well at 
Short Line Park near Duluth, and at New Ulm. 

Above this conglomerate are conglomerates and sandstones of 
Keweenawan age which are stratified with lavas of diabasic nature. 
Still higher up the eruptive rocks become less in quantity and the 
fragmental rock is a sandstone, known as the Hinckley sandstone, 
quarried in the gorge of the Kettle River in Pine county. This in 
turn grades up into typical Upper Cambrian sandstones of the St. 
Croix valley. The term Potsdam is restricted to the Puckwunge con
glomerate and the hardened quartzites immediately overlying it, 
represented by the Sioux quartzite, the Baraboo and Barron county 
quartzites of Wisconsin, the quartzite at Grand Portage Island, and 
west of Grand Portage village, the New Ulm quartzite in Cottonwood 
county, and the quartzite in Pipestone county. 

The igneous rocks of the Keweenawan vary in age from the late 
Animikie time to the top of the Keweenawan series. They are 
divided into two groups, the Cabotian or Lower Keweenawan, and the 
Manitou or Upper Keweenawan. 

The Cabo/ian division includes gabbro and contemporaneous red 
rock and their surface lavas, and all other dikes and sills which are 
associated with, but younger than, the Animikie clastic rocks, and 
which are older than the Puckwunge conglomerate. The lower mem
ber of the Cabotian is the gabbro, which covers an enormous area. It 
extends on the east to East Greenwood Lake in T. 64, N., R. 2 E. 
On the north it is bounded by the Animikie strata of the Mesabi iron 
range. Its westernmost exposure is in the vicinity of Short Line Park, 
Duluth. The southern limit is irregular, swinging from East Green
wood Lake in a zigzag manner through T. 63 N., R. I W., T. 62 N., 
R. 2 W., T. 62 N., R. 4 W., T. 60 N., R. 6 W., T. 60 N., R. 7 W., 
T. 58 N., R. 10 W., and T. 55 N., R. I I W., to Duluth. 

Along the northern and northwestern side of the great gabbro 
mass, the gabbro is plainly intrusive on the older formations, Animikie 
and Keewatin. 

From the northern border of the gabbro many sills offshoot and 
penetrate the Animikie strata parallel to the bedding. These are 
known as the Logan sills. 
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Near its contact with the underlying rocks, both the Animikie and 
Keewatin series, there are various altered rocks which can be con
nected in places with the gabbro and in places with the underlying 
rocks. To these altered rocks the term muscovadyte has been applied. 
It includes the various so-called peripheral phases of the gabbro. 

On the southern and eastern border the gabbro is penetrated by and 
penetrates in a confused manner the red rock, with which it alternates 
both structurally and areally. It is believed to have resulted from the 
metamorphism by the gabbro of the Animikie, and perhaps earlier 
fragmentals. 

As the granites of the Archean are believed to have resulted from 
the softening of acid fragmentals, so the gabbro may probably have 
been the result of the metamorphism or re·fusion of the Keewatin 
greenstones. 

The anorthosite masses of the Beaver Bay diabase, supposed by 
Lawson to be of Archean age and to underlie unconformably the 
Beaver Bay diabase, are believed to represent segregation phases in 
the main gabbro flow, and to be the same as anorthosite masses in 
the gabbro proper to the west. 

The Beaver Bay diabase is believed to represent the upper portion of 
the great gabbro flow, and to be due to the first and greatest movement 
of the gabbro toward Lake Superior. The Logan sills belong to this 
part of the gabbro flow. 

The Manitou division of the Keweenawan includes the surface 
flows, sills, and dikes which accompanied and followed the Puckwunge 
conglomerate. Tpese eruptives, with the clastics associated with them, 
do not have a thickness in Minnesota of more than 1000 feet. These 
lava sheets extend along the shore of Lake Superior from near 
Baptism River to near Grand Marais, except where. replaced at inter
vals by the Beaver Bay diabase or some of the intersheeted fragmentals. 
They occur also in the neighborhood of Grand Portage Bay, but their 
extent here is not definitely known. 

General.- The most important petrological conclusions determined 
from the examination of the Minnesota crystalline rocks, are three in 
number: 

1. All the granites of the Archean can be explained on the assump
tion that they are intrusives representing the metamorphosed conditions 
of clastic rocks adjacent to the observed intrusions, rendered plastic 
by the force of dynamic metamorphism accompanied by moisture. 
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2. The basic Keweenawan gabbro and its derivatives are derived 
from the metamorphism and complete re-fusion of the Archean green
stones and their attendants. 

3. The green-sand of the Mesabi iron-bearing formation appears to 
have resulted from a volcanic sand and the taconite itself from igneous 
forces. 

Commenl.-The three main· petrological conclusions announced by 
Professor Winchell as the most important results of his final petrologi
cal work, summarized in the closing general paragraph, would be dis
sented from by most of the other geologists who have worked in this 
area.' 

The Cambrian age of the Animikie strata has long been maintained 
by Professor Winchell, and above are summarized his arguments in 
support of this position. The first argument, that the Animikie grades 
into the Upper Cambrian rocks, is not in accord with the observations 
of most of the geologists above referred to. The second argument, 
based on the similarity of the unaltered green-sand in the Mesabi 
district with that in the Cambrian of the eastern United States, loses 
weight when we consider the fact that the similarity is not great, the 
differences being many and sigDlficant; and if the similarity were 
complete, the correlation would involve laying too much stress on 
lithological similarity of widely separated formations. Professor 
Winchell's latest conclusion, that the Mesabi green-sand is volcanic 
and not organic, while entirely dissented from by others who have 
studied this rock, in itself spoils his argument based on similarity. 
The third argument in favor of the Cambrian age of the Animikie, 
based on the extent of the unconformity beneath the Animikie, has 
little value when unsupported by the other lines of evidence. Pro
fessor Winchell's conclusion as to the Cambrian age of the Animikie 
strata is thus not adequately sustained by the reasons given. The view 
that the Animikie is Upper Huronian (pre-Cambrian) is the commonly 
accepted one. The evidence favoring this view is summarized by Van 
Rise." 

Further comment on the above work would require reference to 
the detailed observations made in northeastern Minnesota during the 

I Some of these geologists are: R. D. Irving, C. R. Van Hise, J. Morgan Clem
ents, W. S. Bayley, U. S. Grant, J. E. Spurr, A. H. Elftman, C. K. Leith • 

• Correlation Bulletin, Archean and Algonkian, No. 86, U. S. Geol. Survey; 
Principles of Pre-Cambrian Geology, Sixteenth Annual Report, U. S. Geological 
Survey. 
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past four years by the Lake Superior Division of the United States 
Geological Survey.1 The results of this work have not been published 
and any reference to the conclusions reached would be premature. In 
general it may be stated that now, as in the past, there is divergence 
in the conclusions reached by the Minnesota Survey and by the United 
States Geological Survey concerning the position and importance of 
the unconformities, correlation of series, and nomenclature. 

C. K. LEITH. 

The Norwegian Polar Expedition, I893 to I896. Scientific Results. 
Edited by FRIDTjOF NANSEN. Vol. 1. Longmans, Green, 
& Co. 

The object of the report of which this is the first volume is stated 
in the preface to be "to give in a series of separate memoirs a complete 
account of the scientific results of the Norwegian North Polar Expedi
tion of 1893 to 1896." The first volume contains the following 
papers: "The Fram," 16 pp. with three plates; "The Jurassic Fauna 
of Cape Flora, Franz Josef Land," by J. F. Pompeckj, with a "Geo
logical Sketch of Cape Flora and its Neighborhood," by Fridtjof 
Nansen, 147 pp. with three plates; "Fossil Plants from Franz Josef 
Land," by A. G. Nathorst, 26 pp. with two plates; "An Account of the 
Birds," by Collett and Nansen, 53 pp. with two plates; "Crustacea," 
by G. O. Sars, 137 pp. with thirty·six plates. 

The fossil fauna brought Itack from Cape Flora was collected by 
Nansen during the period of his stay with Jackson at Elmwood, Cape 
Flora, Franz Josef Land. The collection was studied by J. F. Pom
peckj, whose descriptions of the fossils constitute the second part of 
the volume. Collections from the same localities secured by the 
Tackson-Harmsworth expedition were examined and described by Mr. 
E. T. Newton, but the conclusions reached by Pompeckj and by New
ton as to the age of the strata are somewhat at variance. 

The condition of preservation of the fossils is poor, and many 
species, particularly of lamellibranchs, could not be identified even 
generically. The collection shows that a fauna of at least twenty-six 
different species occurs in the Jurassic sediments about Cape Flora. 

I The reports on this area in preparation by the survey are: Lake Superior Iron 
Ores, to appear in the Twenty.first Annual Report; Monograph on the Vermilion Iron 
Bearing District of Minnesota, and Monograph on the Mesabi Iron District of Minne
sota. 
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The collections of the Jackson-Harmsworth expedition frOI' 

region only afforded fourteen species, and seventeen of t' 

studied by Pompeckj were not recorded by Newton. The i' 
found at five localities, and at three of these they were in sit, 
the results of his study of the Jackson-Harmsworth CI 
Newton concluded that the" Lower Oxfordian rocks," and . 
the equivalent of the ".British Kellaway rocks," are representl'" 
Jurassic strata underlying the basalt at Cape Flora. PompeI 
ever, was able to identify four horizons in a much more 
manner. The lowest of these is Bajocian, and probably til<" 
Bajocian; the second is Lower Callovian, the zone of Macro(,,' 
macrocephalus,· the third is the Middle Callovian, the zone of C{" 
milaschewici,. and the fourth is Upper Callovian, the zone of QII 
toceras lamberti. The Bajocian fauna is apparently without ana;, 
the arctic region, but seems to show direct affinities with the (, 
European Jura. The Callovian faunas are very near those (" 
Russian Callovian, and these two regions were probably in I. 

communication during that part of Jurassic time. It is worthy ot 
that there is hardly any likeness between the fauna of Cape Flor;I 
that of Cape Stuart, East Greenland. 

In the fossils, one rather striking feature is the paucity of ga, 
pods, one species only having been found in the marine fauna, w, 

cephalopods and lamellibranchs are relatively much more abund.· 
This general relation also holds for the arctic fauna of northL 
Europe. 

The identification of these beds at Cape Flora gives the norther 
most locality of Jurassic beds, since the latitude of Cape Flora . 
nearly 10° farther north than that of the next most northerly depu, . 
of this age. These beds show that the Bajocian sea of north Eurol,e 
extended far to the northward. Spitzbergen was probably not covered; 
neither was Novaja Semlja, and these two islands were probably con
nected. with each other. and with Europe. This land area may haye 
been extended northward to Franz Josef Land. The sea seems to 
have lain north and west of this land. The Petchora Basin sea is 
conjectured to have extended north between Spitzbergen and Novaja 
Sernlja, and to have been bounded on the north by land in the region 
of Franz Josef Land. Spitzbergen is conjectured to have been con-
nected with the Franz Josef Land of the Callovian epoch. The Callo
vian sea is conjectured to have extended east to Alaska. Toward the 

Digitized by Google 



REVIEUS 

end of the Callovian epoch the sea receded to the southward from 
Franz Josef Land, while Spitzbergen and Novaja Semlja were partly 
submerged. 

The main body of the sedimentary Jura of Cape Flora extends 
from sea level up to 575 feet. It is fossiliferous in horizons only. 
The Callovian part of the Jura extends from 370 feet to 575. 

The fossil plants secured by Nansen, also from the region about 
Cape Flora, were placed in the hands of A. G. Nathorst, and his report 
upon them constitutes Part III of the volume. These plant remains 
are all fragmentary and very poorly preserved, so that in most instances 
no specific identification could be made. Out of the twenty-nine forms 
recognized, only two are specifically identified with certainty, though 
seven others are compared with described species. The conclusions 
reached by Nathorst as to the age of the plant-bearing deposit is that 
"it was formed toward the close of the Jurassic or commencement of 
the Cretaceous period, without our being able at present to settle 
which." The fossil plants occur in two beds which lie between certain 
of the seven extrusive basaltic flows. 

The account of the birds is divided into four sections, the first 
treating of the journey along the north coast of Siberia; the second 
gives the observations made while the "Fram" was drifting with the 
ice before Nansen left it; the third gives the observations made during 
the sledge journey of Nansen and Johansen; while the fourth gives 
the observations made on the "Fram" after Nansen left it in March 
1895. This section of the report is a technical description of the 
species of birds seen. 

The section on the Crustacea is in much detail and will be of great 
interest and value to zoologists. The conclusion is reached that the 
bulk of the pelagic animals found in the North Polar basin were 
derived from the west through the Atlantic current flowing in beneath 
the superficial Siberian current. It has also been found that forms 
which have hitherto been regarded as quite southern in distribution 
are found in the polar sea. 

The volume also makes some announcement of the contents of 
future volumes of the report. The second volume is announced to 
contain" The Astronomical Observations and their Results," "Terres
trial Magnetism," and "Pendulum Observations and their Results." 
The third volume will deal with "The Oceanography of the North 
Polar Basin," "Hydrometers and their Errors, especially those caused 
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by the Variation of the Surface Tension of Liquids," "The Depths and 
Submarine Features of the North Polar Basin, with chemical Analyses 
and Microscopical Composition of the Deep Sea Deposits," "Diato
macere and Algre living on the Drifting Ice and in the Sea of the 
North Polar Basin." Many other memoirs are announced for still 
tater volumes. It is stated that the number of volumes will probably 
be five or six, which it is hoped may be finished in the course of about 
two years. These volumes will not only furnish a large body of infor
mation about a little-known region, but some of them will deal with 
questions of world-wide application. The reports are to be issued in 
the English language only: 

R. D. S. 

TIte Pleistocene Geology of tlte Soutlt Cen/Ml Sierra Nevada, witlt 
especial reference to tlte Origin of tlte Yosemite Valley. By 
HENRY WARD TURNER. Proceedings of the California Acad
emyof Sciences. Third Series, Vol. I, NO.9; 9 Plates; 
pp. 361-32 1. 

This paper gives a brief outline of the pre· Pleistocene orogenic 
history of the Sierra Nevada, the orogt!nic movements of the Pleisto
cene, and a brief sketch of the Pleistocene history of the region, as an 
introduction to the discussion of the origin of the Yosemite Valley. 
The Sierran period, the period of high lands preceding glaciation, is 
included in the Pleistocene. Some brief notes on the glacial period 
are also given, and the conclusion reached that there were two periods 
of glaciation separated by an interval of deglaciation, though the evi
dence on this point is not looked upon as altogether conclusive. The 
assumption that in the interior of the continent there were two (and 
not more) well-marked glacial epochs, needs to be modified in the light 
of the investigations of the last few years. The brief statement con
<:erning the cause of the glacial period, also seems not to take account 
of the latest and most satisfactory views on this subject. 

The several hypotheses which have been advanced concerning the 
origin of the Yosemite are considered, and the conclusion reached that 
this valley was not scooped out by the ice (Muir); that it is not a river
<:ut canyon, the walls of which were made vertical by the sapping action 
of ice (Johnson); and that there is no adequate evidence that it is due to 
a drop fault (Whitney, el. al.); but that it owes its origin to river 
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-erosion influenced, in its topographic results, by the strong jointing of 
the rock of the region. This view, however, does not preclude the 
glaciation of the valley, but ascribes to the ice a very insignificant part 
in its excavation. R. D. S. 

A Record of Ihe Geology of Texas for Ihe Decade ending December 
3I, I896. By FREDERIC W. SIMONDS, PH.D. Reprint from 
Vol. III of the Transactions oflhe Texas Academy of Science. 
[Austin ?J, August, 1900, pp. 280. 

In 1887 the U. S. Geological Survey published Bulletin No. 45, by 
Professor R. T. Hill, upon "The Present Condition of Knowledge of 
the Geology of Texas." Although that bulletin was not a bibliography 
in the ordinary meaning of the word, it mentioned the chief publica
tions upon the geology of the State of Texas up to 1886, and gave the 
general results of the work of the authors. The present volume by 
Dr. Simonds is an annotated bibliography covering the succeeding ten 
years. That particular decade has been the most fruitful period in the 
history of geological investigation in the State of Texas, and, as a con
sequence, D,r. Simonds' list is the most important one that coul.d have 
been made of any limited period. 

No one who has attempted a piece of bibliography will fail to 
appreciate this valuable contribution to geologic literature. Such pub
lications represent a great deal of dead-work, much of it of a dreary 
kind. But Professor Simonds has rendered a genuine service both to 
the people of Texas and to the science of geology by bringing these 
titles together and giving a resume of the contents of each paper. As 
a rule but few persons know just what has been published upon the 
geology of a given state, or where to lay hands upon it. This list fills 
the want, so far as Texas is concerned during the period 1886-1896. 

The titles are arranged according to the alphabetic order of the 
authors, and there is an index of both authors and subjects at the end 
Qf the volume. 

J. C. BRANNER. 

Digitized by Google 

.-



RECENT PUBLICATIONS 

-BOULE, MARCELLIN. Etude Pal~ontologique et Arch~ologique sur la 
Station Pal~olithique du lac Karar (Algerie). Extrait de .. L'Anthropolo
gie." Tome XI, 1900. Paris. 

Feuille de Figeac. Extrait du Bulletin 73 des services de la Carte geolo
gique de la France et des Topographies souterraines. Mai 1900. 

Note sur la Physiographie du Carladez. Extrait des Documents Histo
riques relatifs a la Vicompte de Carlat. 1899. 

Vari~tes. Extrait de .. L'Anthropologie." 

-BRIGHAM, ALBERT P. Glacial Erosion in the Aar Valley. (Abstract with 
discussion.) [From Bulletin Geological Society of America, Vol. II. 
1899.] 

Note on Trellised Drainage in the Adirondacks. Reprinted from the 
American Geologist, Vol. XXI, April 1898. 

-CHESTER, ALBERT H. A Dictionary of the Names of Minerals, including 
their History and Etymology. John Wiley & Sons, New York. 

-CROSBY, W. O. Report on Borings for the East Boston Tunnel. 

-DORSEY, CLARENCE W., and J. A. BONSTEEL. Soil Survey in the Con-
necticut Valley. Reprint from Report No. 64 of the Department of 
Agriculture. Field Operations of the Division of Soils in 1899. Wash
ington, 1900. 

-ELLIOT, G. F. SCOTT, and J. W. GREGORY. The Geology of Mount 
Ruwenzori and Some Adjoining Regions of Equatorial Africa. [From 
the Quarterly Journal of the Geological Society for November 1895. 
Vol. LI.) 

-GARWOOD, E. J., and J. W. GREGORY. Contributions to the Glacial Geol
ogy of Spitzbergen. [From the Quarterly Journal of the Geological 
Society for May 1898, Vol. LIV.) Plates XIII-XIX. 

-Geological Society of America, Bulletin of. Proceedings of the Twelfth 
Summer Meeting, held at New York City, June 26, 1900. By H. L. 
Fairchild, Secretary, Vol. XII, pp. 1-12. Rochester, 1900. 

-Geological Survey of Canada, Index to Reports, 1863 to 1884. Compiled 
by R. B. Dowling. Ottawa, 1900. 

-Geological Survey of Michigan, Annual Report to the Board of. By Albert 
C. Lane, State Geologist, 1899. Also, The Origin, Properties, and Uses 
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of Shale; by H. Ries, Special Agent for the State Geological Survey. 
[Reprinted from the Michigan Miner, Vol. I, No. 12; Vol. II, Nos. 1 and 
3, November 1899 to February 1900.] 

-Geology. Reprint from Norway. (Official Publication for the Paris Exhi
bition, 1900.) 

-GREGORY, J. W., D.Sc., Melbourne. Contributions to the Geology of 
British East Africa. Part I, The Glacial Geology of Mount Kenya. 
Reprinted from the Quarterly Journal of the Geological Society for 
November 1894, Vol. 1. 

Excursion to Sudbury. Reprinted from the Proceedings of the Geologists' 
Association, Vol. XV, Part 10, November 1898. 

The Physical Features of the Norfolk Broads. Reprinted from Natural 
Science, Vol. I, NO.5, July 1892. 

The Plan of the Earth and its Causes. Reprinted from the Geographical 
Journal for March 1899. 

-HERRICK, C. L., and D. W. JOHNSON. The Geology of the Albuquerque 
Sheet. With a Map and Plates XXVII-LVIII. Bulletin of the Scien
tific I:aboratories of Denison University. Edited by W. G. Tight. Vol. 
XI, Article IX, June 1900. 

-HOVEY. E. O. Erosion Forms in Harney Peak District, South Dakota. 
From Bulletin Geol. Soc. Am., Vol. XI, 1899. (Abstract with discussion.) 

The Geological and Paleontological Collections in the American Museum 
of Natural History. Reprinted from Science, N. S., Vol. XII, No. 307, 
pp. 757-760, November 16, 1900. 

Oliver Payson Hubbard. From the American Geologist, Vol. XXV, June 
1900. 

-Indiana Academy of Science, Proceedings of the. 1898 and 1899. (Two 
volumes). Edited by George W. Benton. 

-LANE, ALFRED C. Dr. L. L. Hubbard. Sketch of one of Michigan's 
noted State Geologists. Reprinted from the Michigan Miner, Decembe~ 
1,1900. 

The Geothermal Gradient in Michigan. Reprinted from the American 
Journal of Science, Vol. IX, June 1900. 

-LINDGREN, WALDEMAR. Metasomatic Processes in Fissure-Veins. A 
paper read before the American Institute of Mining Engineers at the 
Washington Meeting, February 1900. 

The Gold and Silver Veins of Silver City, De Lamar, and other Mining 
Districts in Idaho. Extract from the Twentieth Annual Report of the 
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INTRODUCTION.2 

UNTIL quite recently, the idea has been prevalent among 
petrographers, that porphyritically developed minerals (pheno-

I Published by permission of the State Geologist of Georgia. 

• The writer wishes to acknowledge his indebtedness to Professor A. C. Gill, of 
Cornell University, for kindly reading and criticising this paper in manuscript. 
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crysts) in intrusive igneous rocks were of intratelluric J origin. 
IQdeed, as pointed out by Pirsson, no sharp distinction hereto
fore has apparently been drawn in the literature, between the 
origin of phenocrysts in intrusive and extrusive igneous rocks; 
indicating probably, that the porphyritically developed mineral 
or minerals were of the same origin in the two rock divisions 
here designated, and were formed at much g-reater depths than 
the place in which they are now found. The idea that. pheno
crysts ~n intrusive igneous rocks are not always of intratelluric 
origin, but have, in many cases, been formed in piau, and are 
therefore contemporaneous in origin, with a part at least, of the 
other rock constituents, was advocated by Zirkel 2 in 1893; by 
Cross 3 in 1895; and more recently by Pirsson 4 and Crosby.s 

Pirsson and Crosby are agreed in dissenting from the old 
and long-accepted theory, that appreciable or abrupt changes 
in the ratio of cooling and the viscosity of the magma, are 
essential elements in the development of the porphyritic struc
ture - phenocrysts and groundmass - in intrusive igneous rocks. 

A careful field study of the granitic rocks of Georgia, by the 
writer, during the seasons of 1898, 1899 and 1900, shows a 
number of extensive areas of coarse-grained porphyritic granites 
occurring within the limits of the Georgia Piedmont plateau. 
The distribution of the porphyritic granite areas is given on the 
accompanying map. The interior gradation or passage of the por
phyritic facies, peripherally, into an even-grained coarse-textured 
non-porphyritic granite of the same mineral and chemical com
position, is readily traceable in most of the granite areas. 

I The term" intratelluric" is here used in the same sense as that given it by Pirs
son in the Amer. Jour. Science, 1899, Vol. VII, p. 272, .. meaning an earlier period 
and greater depth of the magma than that in which it came to rest." 

• Lehrbuch der Petrographie, 1893, Vol. I, p. 737 et seq. 

3 Laccohtic Mountain Groups, U. S. Geol. Surv., Fourteenth Annual Report, 
1895, p. 231. 

4 On the Phenocrysts of Intrusive Igneolls Rocks, Amer. Jour. Science, 1899, Vol. 
VII, pp 271-280. 

SOn the Origin of Phenocrysts and the Development of the Porphyritic Texture 
in Igneous Rocks, Amer. Geol. 1900, Vol. XXV, pp. 299-310. 
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100 THOMAS L. WATSON 

The size, development and character of the phenocrysts in 
the porphyritic portions of the areas; and the gradation from 
one rock facies into another of the same composition shown in 
the same rock-mass, unquestionably point to contemporaneous 
growth with the groundmass constituents, and have, therefore, 
been formed in place and not at greater depths-intratelluric. In 
the present paper, it is proposed, therefore, to give a brief 
description and summary of the individual porphyritic granite 
areas; and to state the reasons for the belief in the contemporane
ous origin of the phenocrysts with the groundmass constituents, 
based on a careful field and laboratory study of these rocks. 

DESCRIPTION OF INDIVIDUAL AREAS 

The Fayette-Campbdl-Cou;eta counties porphyritic granite area.'
This area, marked C-C on the accompanying map, is thirty 
miles southwest from Atlanta and occupies contiguous portions 
of Campbell, Coweta and Fayette counties. The rock-outcrops 
are usually small and in the nature of bowlder and fiat-surface 
masses. The exposures are most numerous in the vicinity of 
Palmetto and Coweta Stations on the Atlanta and West Point 
railroad, and near Line Creek in Fayette county. Specimens of 
the porphyritic rock collected from the outcrop near Line Creek 
in Fayette county are somewhat lighter in color than similar 
ones from the Palmetto-Coweta portions of the massif. The 
ratio of quartz to biotite in the Line Creek outcrop is visibly 
greater than in the Campbell-Coweta exposures, as indicated in 
analyses II and XI, p. 119. The rock, however, is generally 
quite uniform over the entire area. Several good contacts of 
the partially decayed porphyritic granite and mica-schist are 
exposed along the wagon roads and in the cuts of the railroad, 
traversing the area. The field relationships of the two rocks 
indicate, that the porphyritic granite is the younger rock; 
intruded into the overlying schist, and exposed subsequently by 
erosion. 

.. ~ ..... . -, . 

The rock is a very coarse-grained porphyritic-biotite granite 

I Eighteenth Annual Report, U. S. Geol. Surv., 1898, pp. 551-572 . 
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of a medium, light to dark gray in color, according to the 
amount of biotite present. The extreme coarseness of texture 
renders the porphyritic structure less typically marked in this 
than in finer grained porphyritic rocks. The porphyritically 
developed mineral (feldspar) grades imperceptibly from very 
large, irregular, sometimes stout, tabular phenocrysts, into the 
smaller feldspars, making it difficult usually to distinguish 
between groundmass and phenocryst feldspars, except in extreme 
cases. 

The feldspar phenocrysts vary from extremely irregular 
cleavable grains, anhedra, 30 by 30mm to roughly idiomorphic 
crystals; tabular, parallel to the clinopinacoid (010), and twinned 
according to the Carlsbad law. Abundant inclusions of large 
irregular plates of biotite are readily visible in all the pheno
crysts to the unaided eye. The phenocrysts are prevailingly 
allotriomorphic in outline and differ in this respect from those 
of the other areas described below. The feldspars are white 
in color, usually partially cloudy or opaque rather than limpid 
in appearance. 

The biotite occurs as stout cleavable plates averaging 10-

I Smm in size, occupying somewhat well-defined areas; is very 
dark in color, and highly lustrous. The quartz is present in 
large irregular colorless and smoky anheda, 4-Smm in size, clearly 
outlined against the feldspar and biotite, from which it is readily 
distinguished. 

Microscopic study of thin sections of the porphyritic granite 
confirms the macroscopic description, in affording no marked 
differentiation between groundmass feldspar and a part of the 
similar porphyritic constituent, or phenocryst. 

The feldspar constituent is composed of the potash varieties, 
orthoclase and microcline, and a fair proportion of an acid 
plagioclase, which from its optical properties is near oligoclase. 
The presence of considerable lime in the analysis tends to cor
roborate this inference. The orthoclase usually shows good 
cleavage, and is separately intergrown with stringers of albite 
and quartz, in the form of microperthitic and micropegmatitic 

Digitized by Google 



102 THOMAS L. WATSON 

structures. The potash feldspars and quartz of 
are entirely allotriomorphic in crystal outline. 
eldspar occur diomorphic la 
cterized by hetic twinnin 
ery small ex s in basal sec 

the groundmass 
The plagioclase 

ystals char
rule, afford 

The porp veloped min crysts) are 
om posed of se with numer thitic struc-

tures, and microcline, usually inclosing inequidimensional anhedra 
of quartz, feldspar and biotite without definite optical orientation. 
The more basic inclusions, accessory apatite and zircon are also 
included in the phenocrysts. 

A thin sect" f ne of the feldspar henocr sts from the 
Coweta portio a, shows the microcline 
tructure, and dant inclusio ly bounded 
rystals of fe z and biotite nded disks 
r ovals of mi c intergrowth nd feldspar, 

and prismatic needle-like inclusions of apatite and zircon (see 
Fig. 2.) A chemical analysis of fragments of carefully.selected 
phenocrysts from hand specimens of the Coweta outcrops of the 
rock is given in XI a, page 119. 

The biotite occurs as aggregated intergrown shreds with 
deep brown asal cleavag absorption, 
partially alter e and some e biotite is 
ntergrown w I foils of mu sometimes 
hows good ic boundarie on to these, 

prismatic inc atite and zir w grains of 
magnetite are present. The effects of dynamo-metamorphism 
are generally indicated to some degree in the rock by numerous 
fracture-lines and undulatory extinction common to the larger 
quartz and feldspar individuals. 

Cubes J f h R kingham, Ri h 
Monroe, Ired 
closely resem 
Coweta-Fayet 

ranite areas 
, grain and 

porphyritic g 

d ty, and Mt. 
rolina, very 

Campbell
orgia. The 

J Through th George P. Merril Department of 
Geology, U. S. NatIOnal Museum, the writer was accorded access to the Tenth Census 
Collections of Building Stones in the Museum. 

yGoogle 



THE ORIGIN OF THE PHENOCRYSTS 103 

phenocrysts in the Carolina rock are usually allotriomorphic, 
occasionally idiomorphic, in crystal outline; and, as a rule, are 
large in size, and contain numerous plates of included biotite. 
A similar though darker colored rock, owing to a greater amount 
of biotite present. occurs in Aiken county, South Carolina. The 

FIG. 2.-Photomicrograph of a phenocryst of microcline from the Coweta county 
porphyritic granite area, showing inclusions of quartz, plagioclase and biotite. The 
inclusions of plagioclase and biotite are considerably altered. Crossed nicols. 
Magnified 74 diameters. 

porphyritic feldspars in the Aiken rock present the same char
acteristics as the phenocrysts of the Georgia and North Carolina 
porphyritic granites. 

The Hancock county porplzyritic granite area.-A coarse-grained 
porphyritic granite outcrops one quarter of a mile east of Sparta 
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depot, with the exposures more or less continuous from this 
point, for eleven miles, in a northeastwardly direction, along the 
Georgia railroad. The area lies near the merging of the crystal
line rocks beneath the Coastal Plain sands and clays -the Fall
line (area marked S on the map). It is elliptical in shape 
with its longer diameter eleven miles in length, trending north
east-southwest. The granitic rock outcrops as bowlder and flat
surface masses, frequently containing four to five acres of 
exposed rock in one body. 

The rock texture is prevailingly porphyritic, grading, in 
many cases, into a non-porphyritic, even-grained granite of the 
same mineral and chemical composition. In several quarries the 
rock shows in places a somewhat pronounced gneissoid struct
ure. Some half dozen quarries have been extensively worked 
in various places over the area, within a few miles northeast of 
Sparta. 

The rock is prevailingly a coarse-grained, medium gray, por
phyritic biotite-granite. The phenocrysts are composed of the 
potash feldspars having a pronounced pinkish cast which dis
appears in thin section. They are flat tabular in crystal form, 
averaging 20mm in length parallel to the clinopinacoid (010). 
Carlsbad twins of the contact type are common. The pheno
crysts are further characterized by numerous inclusions of all 
the groundmass minerals. 

The porphyritic feldspars are embedded in a coarse-grained 
groundmass of quartz, potash and soda-lime feldspars and biotite, 
with some accessory muscovite, chlorite, apatite, zircon, epidote 
and scattered grains of magnetite. Microperthitic structures are 
common to the potash feldspars. Micropegmatitic structures 
are less frequently observed, than in some of the other areas. 
The rock from the Sparta area differs from that of the Campbell
Coweta-Fayette counties area in containing less biotite,and hence, 
lighter in color; in the phenocrysts being idiomorphic instead of 
allotriomorphic in crystal outline, and usually of a pinkish cast 
rather than white in color. Microcline is, alike, variable for the 
two areas in thin sections of the rock examined from various 
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places. The relative proportion of the component minerals is, 
including all species present, feldspar> quartz> biotite. 

Like the former area, the Sparta porphyritic granite is sur
rounded on all sides by mica-schist i but the great depth of 
residual decay of the granite and schist, renders exposures of 
the contact between the two impossible. The field relationships 
however, indicate, as in the above area, that the granite is the 
younger rock, intrusive into the then overlying schist. 

The Baldwin county porphyritic granite area.-Large bowlder 
outcrops of a coarse-grained porphyritic granite occur three 
miles southeast from Milledgeville, the county seat of Baldwin. 
Like the Sparta area, the Baldwin county porphyritic granite mass 
is located near the line of contact (Fall-line) between the Pied
mont crystallines and the Coastal Plain sediments (area marked 
B on the map). 

Hand specimens of the granite from Baldwin county are 
indistinguishable from similar specimens of the Columbia county 
porphyritic mass, described below. The rock is a very coarse
grained porphyritic granite, composed of an aggregate of inter
locking quartz and feldspars-orthoclase with microperthitic 
structures, microcline and plagioclase-with intergrown shreds 
of biotite. The rock varies in color from medium to dark gray. 
Both microcline and orthoclase occur in the groundmass and as 
porphyritically developed minerals. The phenocrysts measure 
in extreme cases 30-40mm long and S-IOmm broad. They are 
prevailingly idiomorphic in form i fiat, tabular parallel to the 
clinopinacoid (0 IO) ,and commonly twinned according to the 
Carlsbad law. Abundant inclusions of black biotite foliae are 
plainly visible to the unaided eye in the feldspar phenocrysts i 
while the microscope shows additional numerous irregularly 
bounded quartz and feldspar grains without definite orientation. 

The groundmass is composed of an abundance of white 
opaque feldspars, slightly dark-colored smoky quartz, and biotite 
plates measuring 2-SIDJD in diameter. The microscopic accesso
ries are primary inclusions of apatite and zircon and scattered 
grains of magnetite, with some secondary muscovite, chlorite 
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and epidote derived from the alteration of the feldspars and 
biotite. Bent and curved filaments of rutile are quite abundant 
as inclusions in the larger quartz crystals. The effects of slight 
pressure metamorphism are evident in the lines of fracture and 
undulous extinction common to the larger quartz and feldspar 
individuals. 

The Warren county porphyritic granite area.-Two somewhat 
extensive outcrops of foliated porphyritic granite occur in the 
middle eastern portion of Warren county, approximately ten 
miles from each other, in an almost east and west direction. 
These are known as the Holder's-Mill and Brinkley-Place granite 
masses, respectively, and marked W-H on the map. 

The rock has a pronounced. secondary foliated structure. 
The quartz and feldspar crystals are drawn out and inclosed 
between the biotite layers, forming at times distinct" augen" of 
the two light-colored minerals. The rock contains abundant black 
biotite plates arranged along somewhat parallel lines. The quartz 
and feldspar grains are greatly squeezed and mashed, and are 
more or less drawn out in directions parallel with the biotite lay
ers, as a result of metamorphic action. The porphyritic granite 
of this area owes its foliated structure, therefore, to pressure 
metamorphism,' so common to many igneous rock masses in 
those regions subjected to mountain-building forces. Hence it 
is derived or secondary and not primary or fluidal. 

The feldspar phenocrysts are composed principally of micro
perthitic orthoclase with some microcline I 5-2omm long; are white 
opaque to pink in color; contain numerous inclusions of biotite 
plates, and exhibit the usual habit of Carlsbad twins. They are 
prevailingly irregular in crystal outline and badly fractured from 
subsequent intense metamorphism. The porphyritic feldspars 
are embedded in a coarse-grained ground mass of quartz, feld
spar and biotite. The groundmass feldspathic constituent con
sists of the potash feldspars with microperthitic structures, and 

• Gregory has established, according to origin, three classes of gneisses, namely, 
metapyrigen-gnelsses, clastic-gneisses, and fluxion-gneisses. See Quart. Jour. GeoI. 
Soc. (London), 1894. p, 266; DALY, R. A. JOUR. GEOL. (Chicago), Vol. V, p. 780. 
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some laths of plagioclase near oligoclase. The large feldspar indi
viduals (phenocrysts) contain inclusions of irregularly bounded 
crystals of quartz, biotite and other feldspar species. These 
inclusions are usually round, oval shape in outline. The quartz 
and feldspar anhedra are variously interlocked as fine and coarse
grained mosaics. The finer-grained mosaics of the two minerals 

}'IG. 3.-The Virginia type of foliated porphyritic granite near Chatham, Va. 

represent the peripheral shattered portions of the larger feldspar 
and quartz crystals. Micropegmatitic structures, intergrowths of 
quartz and feldspar, are very common. Biotite occurs as grouped 
shreds and plates, deep brown to occasional green in color, with 
strong absorption and good basal cleavage. It is partially 
altered to a dark opaque chlorite and occasional crystals of 
slightly pleochroic and strongly double refracting epidote. A 
few scattered grains of magnetite are observed. 

An outcrop, from which some rock has been quarried, of a 
similar dark-colored, foliated biotite porphyritic granite is found 
near Chatham depot, Pittsylvania county, Virginia The feld
spar phenocrysts are very large in size, 40-50mm long, roughly 
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tabular in outline and twinned according to the Carlsbad law, 
and shows an abundance of large included biotite shreds (see 
Fig. 3). 

Still a third exposure of granitoid rock showing a pronounced 
porphyritic texture in places, occurs six to eight miles south of 
the Holder's Mill-Brinkley Place area. It differs quite strongly 
from the Holder's Mill-Brinkley Place granite in the porphyritic 
texture being less strongly marked and finer grained; in contain
ing less biotite, and is massive instead of foli£ted in structure. 
I t further differs from the former area in containing a larger 
proportion of plagioclase, and a smaller percentage of microcline 
feldspars. Only one included grain of microcline was found in 
a number of thin sections studied of this rock. The feldspar 
phenocrysts are deep pink in color, 5-IOmm long, displaying the 
usual characteristic twinning and cleavage; and carry numerous 
inclusions of all the groundmass minerals. 

The Greene county porphyritic granite area.-The Greene county 
porphyritic granite area, marked G on the accompanying map, 
includes at least ioo acres in the main granite outcrop, located 
ten miles south of Greensboro, in the southern part of the county. 
The main central exposure is in the form of a low flat doming
mass with a roughened and irregular surface, and partially cov
ered, in places, with a thick growth of cedars (see Fig. 4). 

An even granular medium coarse-grained granite outcrops in 
bowlder form three miles south of Greensboro, and is continuous 
along the public highway from this point to the main porphyritic 
granite mass (see·Fig. 5). The true granitic facies ofthe rock mass 
grades interiorly into the typical porphyritic granite facies. The 
even-grained granitic portion of the mass representing the outer 
or peripheral zone, indicates some variation in mineral composi
tion, from place to place, along a north and south section. The 
zone nearest the porphyritic area, two and one half miles north 
therefrom, and showing absence of all trace of porphyritic tex
ture, is a medium-grained biotite granite agreeing, microscop
ically, in mineral composition, and in chemical composition as 
well, with the porphyritic granite. 
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Five miles north of the central porphyritic ~ass are outcrops 
of a coarse but close compact-grained granite, containing only 
a very small amount of biotite. The feldspars show pronounced 
pink and greenish tints. 

About four miles south of Greensboro, on the north side of 
Beaver-Dam Creek, is an outcrop of practically the same granite. 
The quartz is decidedly dark in color and of the smoky variety; 

FIG. 4.-The Greene county porphyritic granite area. 

the feldspars are flesh colored, and the rock contains but little 
mica. 

The porphyritic facies of the rock consists of a coarse-grained, 
light-gray groundmass of quartz, feldspar and biotite, in which 
are embedded large, flat tabular feldspar phenocrysts. The por
phyritic feldspars average 30-S0mm long and IO-IS mm broad; 
and indicate the usual elongation parallel to the clinopinacoid 
(010), and Carlsbad twinning. The phenocrysts are deep pink 
to perfectly white in color, and are usually cloudy and opaque in 
appearance. 
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A thin section of one of the phenocrysts under the micro
scope showed the feldspar variety, microperthitic orthoclase. 
The microscope further showed abundant inclusions of fairly 
large crystals of feldspar, twinned, in several cases, after the 
albite and Carlsbad laws; and allotriomorphic crystals of quartz 
and biotite with partial orientation with the (0 I 0) cleavage. 

FIG. 5.-Bowlder outcrops of granite near central mas~ of the Greene county 
porphyritic granite area. 

(Fig. 6.) As a rule, however, the inclusions show no definite 
orientation. The biotite inclusions are always sufficiently large 
to be visible to the unaided eye. 

The ratio of phenocryst to ground mass is quite variable; 
the probable extremes being represented by the following esti
mated ratios; I: I and 2: I, with all gradations between. The 
individual mineral grains vary from a few millimeters to 5 and 
6mm in size. The arrangement of phenocrysts in occasional , 
small portions of the mass is suggestive of fluxion structure. 

The potash feldspars. orthoclase and microcline, are the 
porph yriticall y developed minerals. The orthoclase contains 
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numerous microperthitic structures. Plagioclase is somewhat 
abundant. Small-rounded disks or ovals of micropegmatitic 
structures are common. The larger feldspar and quartz crystals 
indicate slight peripheral shattering in some of the thin sections. 

FIG. 6.-Photomicrograph of a phenocryst of microperthitic orthoclase from the 
Greene county porphyritic granite area, showing inclusions of quartz, plagioclase. 
biotite, and very small prisms of apatite. Crossed nicols. Magnified 74 diameters. 

The biotite is considerably altered to chlorite and some 
epidote, and at times carries inclusions. Scattered grains of 
magnetite and prismatic inclusions of apatite and zircon are 
present in microscopic proportions. 

The Columbia county porpltyritic granite area-Heggie Rock.
This area, marked Ch on the accompanying map, is located 
near the Fall-line- contact between the Piedmont crystallines 
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and the Coastal Plain sediments-and a short distance west of 
the Carolina line. 

One and three quarter miles east of Appling, the county 
seat of Columbia, is an outcrop of a coarse-grained porphyritic 
granite. The feldspars are slightly pink in color with a some
what greenish cast in places. The phenocrysts measure 2D-3SDIJD 

in length and S-1 Smm broad; and commonly show the contact 
type of Carlsbad twins. 

Microscopically, the rock is composed of a coarse-grained 
groundmass of potash and plagioclase feldspars, orthoclase pre
dominating, and quartz with biotite and occasional large· plates 
of muscovite. The phenocrysts are large tabular microperthitic 
orthoclases. The anhedra of quartz vary in size and are badly 
fractured. Laths of polysynthetically twinned plagioclase are 
more abundant in this than in many of the other areas. Peg
matitic intergrowths of quartz and feldspar are sparingly present. 
The large feldspar phenocrysts contain abundant inclusions of 
the groundmass minerals, especially biotite and plagioclase. 

The main porphyritic granite mass is one and one quarter 
miles further east. The rock outcrops as a large doming-mass. 
The porphyritic facies of the granite-mass is readily traceable 
peripherally into an even granular medium coarse-textured 
granite. The even granular facies of the rock mass is best 
exposed along the public highway three miles slightly east of 
south from Appling. Hand specimens of the rock from the 
two ~xposures cannot be distinguished from each other. The 
porphyritic feldspars in the principal exposure are larger but 
show the same idiomorphic and other microscopic tendencies, 
developed in the smaller one. 

A thin section of one of the phenocrysts from the main 
outcrop showed the characteristic microcline structure, with 
numerous inclusions of irregularly bounded crystals of all the 
groundmass minerals. A chemical analysis of carefully selected 
fragments of phenocrysts from this rock, yielded the writer the 
results given in IVa, page 1 19. 

The phenocrysts are embedded in a close and firm, but 
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coarse-grained groundmass of flesh-colored feldspars tinged a 
slight greenish cast, somewhat dark smoky quartz, and biotite. 
The porphyritic feldspar crystals make up nearly one half of the 
total rock. The feldspars are white and opaque rather than 
pink in color over the greater part of the exposure. This rock 
very closely resembles that from Greene county in the hand 
specimens. Here, as in the areas described above, the feld
spathic constituent consists of the potash and soda-lime feld
spars, with the potash varieties predominating. The porphyritic 
feldspars are chiefly orthoclase with some microcline, carrying 
inclusions of all the groundmass minerals. The included biotite 
shreds are visible macroscopically. Some of the largest plagio
clase inclusions in the orthoclase phenocrysts carry, in turn, 
microscopic inclusions of quartz and other groundmass minerals. 
Twinning according to the Carlsbad and albite laws among the 
included feldspar species is commonly observed. 

Biotite shows its usual characteristic optical properties, and 
is partially altered to chlorite and epidote. Muscovite is spar
ingly present as foils intergrown with the biotite. Sporadic 
accessory magnetite and apatite occur. 

The Pike county granite area. - The Pike county granite area, 
marked P on the accompanying map, includes fifty or more acres 
of exposed flat-surface rock in the northwest part of the county. 
The porphyritic facies of the rock gradually passes into the even
textured medium-grained granite. Only a small proportion of 
this area, however, shows the porphyritic texture. 

The rock is a medium-grained biotite granite, varying from 
even granular to porphyritic in texture, showing a partial gneis
soid structure in places. 

Microscopically, the porphyritic portions of the rock are 
composed of orthoclase phenocrysts in a coarse-grained ground· 
mass of quartz, microperthitic orthoclase, microcline and some 
soda-lime feldspar, biotite, and occasional intergrown shreds of 
muscovite. Biotite is the chief accessory mineral. It is deep 
brown to yellow in color, with strong absorption, and is inter
grown with some muscovite. It is more or less altered to dark 
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green opaque chlorite, and to a less degree, to a faint brown 
pleochroic epidote. Inclusions of prismatic apatite and zircon, 
and rounded disks or ovals of micropegmatitic structures are 
very common. 

. The phenocrysts consist of the potash feldspars, orthoclase 
and microcline, Io-30mm long and 5-lOmm broad; tabular parallel 
to the clinopinacoid (010). Carlsbad twinning is common. 
Inclusions of biotite foliae equally as large as those occurring in 
the groundmass are very abundant in the phenocrysts. In addi
tion to the biotite, they contain microscopic inclusions of irregu
larly bounded crystals of the interstitial quartz and feldspar. 

Tlu Fulton county porphyritic granite area.- The Fulton county 
porphyritic granite area, marked E-P on the accompanying 
map, is exposed in bowlder form over a large territory six miles 
south of Atlanta, in the extreme southern part of the county. 
The gradation from the interior porphyritic facies, peripherally, 
into an even-grained granite of the same color and texture, and 
having the same mineral and chemical composition, is more 
gradual and more strikingly shown in this than in anyone of the 
previously described areas. Near the center of the granite mass 
the phenocrysts compose more than 50 per cent. of the entire 
rock, while near the transition zone-change of the porphyritic 
to the non-porphyritic texture -the phenocrysts are very spar-. 

, ingly present, not more than a half dozen are shown in a yard 
square of the rock surface. Near the center, the phenocrysts 
are prevailingly idiomorphic in crystal outline, while the allo
triomorphic type of phenocryst characterizes the transition zone 
of the rock mass. 

The rock consists of a medium coarse-grained groundmass 
of quartz, the potash feldspars, orthoclase and microcline, num
erous laths of polysynthetically twinned plagiodase, biotite, and 
some muscovite, in which are embedded large potash feldspar 
phenocrysts. Accessory apatite, magnetite, and zircon; and the 
alteration products, muscovite, sericite, chlorite, and kaolin are 
noted. The microscope shows the feldspars and biotite to be 
considerably altered in some cases. 
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Microcline and orthoclase occur porphyritically developed, 
and measure IS to Somm in length. The phenocrysts possessing 
idiomorphism usually display the Carlsbad habit of twinning, 
and are elongated in the clinopinacoidal direction. 

A thin section of one of the phenocrysts showed the charac
teristic microcline structure and numerous inclusions of quartz, 
biotite, and the groundmass feldspars, which measure as much 
as one millimeter in size. Prismatic crystals of apatite and zir
con, as inclusions in both the phenocryst and the included ground
mass feldspars of the porphyritic crystal, are numerous. The 
zircon crystals are sometimes grouped in threes, much after the 
manner of penetration twins. 

RESUME 

Since the individual areas have been described in some 
detail, it is important that a general summary of the essential 
features common to the several porphyritic granite masses be 
given. These can best be summarized under the two headings, 
macro- and microscopic features. 

Macroscopic features.- The same textural and structural char
acteristics and relationships are generally developed in all the 
individual porphyritic granite areas. With the exception of the 
Warren (W-H) county area, the rocks are prevailingly massive, 
coarse-grained, porphyritic granites, varying, according to the 
proportion of biotite present, from dark to medium gray in 
color. The Warren county granite differs structurally from that 
of the other areas in possessing a marked foliated structure, 
resulting from dynamic metamorphism, which is accordingly 
secondary. Further evidence already mentioned of dynamic 
action in this rock mass is apparent microscopically. Evidence 
of a partial gneissoid structure is indicated in portions of several 
of the other areas, but, as a rule, the rock is generally massive. 

Field study shows the development of the porphyritic tex
ture in the interior of the rock masses, with the even-granular 
granitic facies having the same mineral and chemical composi
tion forming the marginal or body portion. Gradation from 
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one rock facies into the other was not entirely clearly defined in 
all of the granite masses, owing to lack of exposures of the 
fresh rock, but could be easily traced ,in many .. The feldspar 
phenocrysts are irregularly distributed through the coarse
grained groundmass without definite arrangement or orientation. 
The fluxion primary structure was not entirely evident in any 
one of the areas studied. 

Microscopic features.-Microscopically, the rocks are as nearly 
identical as is possible for separate areas to be. They contain, in 
every case, the same minerals, both essential and accessory, in 
nearly the same proportions. They are composed of admixtures 
of the feldspars and quartz, in which lie stout plates of biotite. 
The relative amounts of the component minerals may 'be 
expressed as follows: feldspar, including all species present, 
>quartz>biotite. Biotite is the chief accessory and varies 
somewhat in quantity for the individual areas. In a number of 
the sections the biotite is intergrown with occasional foils of 
muscovite. The potash feldspar varieties of the ground mass 
predominate and are prevailingly allotriomorphic in crystal out
line. Both orthoclase and microcline occur with the former in 
excess. The plagioclase crystals are roughly lath-shaped in out
line, and, as a rule, afford small extinction angles in basal 
sections, which indicates an acid feldspar near oligoclase. The 
presence of considerable lime and soda in the analyses corrobo
rates the inference. The orthoclase feldspar shows microperthitic 
intergrowths with a second feldspar, probably albite. In all the 
sections some of the feldspar crystals show a micropegmatitic 
intergrowth with quartz, which takes the form of rounded disks 
or ovals, and are not of the arborescent or radiate growth type.' 
There can be little doubt that this structure is primary in the 
porphyritic granites as a whole, affording evidence of simultane
ous crystallization of the quartz and feldspar. The quartz 
occurs in irregular interstitial grains of varying size, and is very 
common in drop-like inclusions in the feldspars. Prismatic 

I See ROMBERG in N. J. B. B.-B., 1892, Vol. VIII. MATHEWS, E. B.: JOUR. 

GEOL., 1900, Vol. VIII, p. 231. 
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inclusions of apatite are the most common of the primary 
accessories. Some zircon and a very little magnetite occur. 
More or less chlorite, some epidote and muscovite are present 
as constant secondary products from the alteration of the biotite 
and feldspars. In many of the sections, the effects of pres
sure metamorphism are frequent in the nature of crushing, lines of 
fracture, and undulatory extinction common to some of the 
larger quartz and feldspar crystals. 

The potash feldspars are the only porphyritically developed 
minerals. The phenocrysts vary from allotriomorphic to flat 
tabular idiomorphic crystals in outline, in which the (00 I) and 
(010) cleavages are usually well developed, and are elongated 
in the clinopinacoidal direction. The usual habit of the simple 
Carlsbad twins prevails. The idiomorphic type of phenocryst 
greatly predominates over the allotriomorphic form. As a rule, 
the phenocrysts are very conspicuous, and are readily differ
entiated from the ground mass feldspars; although in the Coweta
Campbell-Fayette counties area (C-C) the phenocrysts and a 
portion of the groundmass feldspars seemingly grade into each 
other. The phenocrysts invariably contain inclusions of a majority 
of the groundmass constituents, some of which are visible to the 
unaided eye. The inclusions are distributed, as a rule, through 
the rock without regard to any definite arrangement or orienta
tion. 

CHEMICAL COMPOSITION 

The marked uniformity in the mineral composition of the 
various porphyritic granites from the individual areas, suggests 
similar uniformity in chemical composition. The usual amount 
of free quartz common to this class of rocks; the abundance of 
potash feldspar, with somewhat increased amounts of plagio
clase and proportionally small amounts of accessory minerals, 
indicate a normal percentage of silica and lime, an increased 
percentage of alkalies, and comparatively small amounts of iron 
and magnesium oxides. These inferences are well shown in the 
following analyses, made by the writer, in the laboratory of the 
State Survey. Attention is called in the table of analyses to the 
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prevailingly high percentage of soda in all of the rocks described 
above. In nearly half of the analyses, the 
excess of the in the remain' 
or is but sligh the potash. 
s traceable, prevalence 

growths of al potash feldsp 
of soda-lime sent in the r 

soda is slightly in 
arlyequals 
nge in soda 
hitic inter-

potash being replaced, in part, by soda in the 
feldspar molecule (analyses IVa and XIa). 

the amount 
astly, to the 

straight potash 

GENETIC RELATIONSHIP OF PHENOCRYST TO GROUNDMASS 

Evidences of intratelluric origin.-The evidences upon which 
the formation sts at great nder condi-
tions differen e of the gro stituents in 
igneous, intr rest have be y discussed 
by Pirsson' a to be: (I) C e and crys-
tal form of p y 0 the ground uents. (2) 
The fluidal arrangement, common in many cases, to the por
phyritic minerals. (3) Irregularity of form, traceable to 
corrosion or resorption of the crystal (phenocryst) by the 
magma." 

These wil d in relation t rysts of the 
Georgia porp es under the 

Evidences neous origin. es favoring 
contemporan of the phen he Georgia 
porphyritic g for convenie ussed under 
( I) megasco~ic proofs: geologic or field observations; and 
(2) microscopic proofs: study ·of the thin sections of the 
rocks. 

Both the macro- and microscopic characteristics of the 
Georgia porphyritic granites have been described in considerable 
detail under areas above. only neces-
sary here to d classify th ng to a con-
temporaneou e phenocryst 

'Amer. Journ VII, p. 278. 

• IDDINGS, J. P.: Bulletm, Phil. Soc. of Washington, 1889, Vol. XI, p. 77. 
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TABLE OF CHEMICAL ANALYSES 

I II III I IV V VI VII VIII IX X XI IV. Xla 
--------- ------ ------ -- ---- --- --- ---

SiO •...... 70·90 70.88 70.24 69·77 69.48 69·37 69·17 69. 13 67 62 66·3[ 63·65 64·64 64.40 
t.181 1.181 1.110 I.,M 1,'58 1·'57 J.J52 1.152 1.127 t. 105 ,.060 

Al.O •..... 15.86 15·86 16·78 17·05 16.64 [6·99 16·47 17·14 16.29 [8.27 20.46 [9 64 18·97 
"55 .155 •164 ·'67 .,63 .,66 .,63 .,68 ·'59 "79 .200 

Fe.O.* .... 1·37 J.77 1.46 1.60 1.84 1.99 1.23 1.52 2·31 2·51 2.20 0·37 0·37 
.008 .011 .00<} .010 .011 .012 .007 .00<} .014 .0'5 •013 

CaO ...•..• 2.15 J.79 2.00 2.21 2·32 2.03 2.02 1.85 2·37 2·9[ 3.28 0.67 0·59 
.038 .032 .035 .039 .041 .036 .036 .033 ·04" .052 .058 

MgO ...... 0.02 0·93 0·76 0·99 0.29 0.84 0.61 0·79 0·78 1.22 1.50 tr. tr. 
.00' •023 •019 .024 ·007 .021 •015 •019 •019 .030 .037 

K.O ...... 4.62 4.64 5·03 4.08 4·49 4·54 4.4 1 5·49 4·58 4·09 4·58 10.00 11.40 
·049 ·049 .053 ·043 ·047 .048 ·047 .058 .048 .043 .048 

Na.O ..... 5·05 3·94 3·70 3·97 4-74 3·44 4.89 4.06 5.42 3.69 4·75 3.06 3·60 
.081 •063 .059 .064 .Q16 .055 .078 •065 .ago .059 .076 

Igni ....... 0·50 0·49 0·50 0·44 0.46 0·55 1.06 0.52 0.32 0.62 0.42 0.22 0.19 
------ --- ------ --------- --- --- --- ------

Total ..... 100·47 [00·30 100·47 100.1 I 100.26 99·75 
-

• All iron was determined as Fe.03lo 

1. Georgia Quincy Granite Company's Quarry, near 
Sparta, Hancock county. 

II. A. J. McElwaney's place, near Line Creek, Fayette 
county. 

Ill. Flat (Cedar) Rock. 9 miles west of Zebulon. Pike 
county. 

IV. Heggie-Rock. 3 miles east of Appling, Columbia 
county. 

V. Sparta Quarry, Hancock county. 
VI. Mrs. L. N. Calloway's place, 3 miles southeast from 

Milledgeville. Baldwin county. 
\'n. The Moseley Quarry, 6 miles south of Atlanta, Ful-

ton county. . 

99.85 [00·50 99·69 99·61 [00.84 98.60 99.52 
.- --

VIII. Porphyritic granite area, 10 miles south of Greens· 
boro. Greene county. 

IX. The Charley Rocker Quarry, near Sparta. Hancock 
county. 

X. Brinkley place, near Camak, Warren county. 
XI. The J. R. McCollum place. near Coweta Station, 

Coweta county. 
IVa. Feldspar phenocrysts from Heggie-Rock. Coumbia 

county. 
Xla. Feldspar phenocrysts from the J. R. McCollum 

place, Coweta county. 
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The field observations include (I) passage or gradation inte
riorly from the porphyritic facies, peripherally into an even
granular, coarse-textured granite of the same mineral and 
chemical composition. The peripheral or border zones of the 
porphyritic granite masses, representing the granular facies of 
the rock, generally attain considerable widths in the Georgia 
areas, from which phenocrysts are entirely absent. (2) The 
general absence of definite (fluidal) arrangement or orientation of 
the phenocrysts in the ground mass. The Greene county por
phyritic granite mass possibly affords, in places, the faintest 
possible evidence of the tabular phenocrysts having moved in a 
liquid magma, with partial definite arrangement or orientation. 
If these special parts of the area be accepted as indicative of 
flow structure, however, then we must also grant the contempo
raneity in crystallization of the ground mass constituents for the 
same portions of the mass; for all of the other constituents, par
ticularly biotite, are abundantly inch.1ded in the phenocrysts of 
all parts of the area. The included biotite plates are equally as 
large as the same constituent in the groundmass. The other 
inclusions are microscopic in size and proportions. 

The Brinkley-Place Holder's-Mill porphyritic granite has 
a pronounced foliated structure. This structure resembles in 
certain particulars, in places, the fluxion structure of some 
rocks, but in this case the foliation is shown to be secondary 
or derived - induced - and not primary or fluidal. 

The phenocrysts are badly fractured and drawn out as 
II augen" between the inclosing ground mass minerals, roughly 
parallel in the direction of their longer diameters. Further
more, the microscope indicates abundant squeezing and mash
ing and peripheral shattering of the quartz and feldspars, so 
characteristic of a secondary structure resulting from dynamo
metamorphism. 

The microscopic evidence, favoring contemporaneous origin 
of the phenocrysts with the ground mass constituents, is chiefly 
that of prevailing abundance of all the groundmass minerals, as 
inclusions in the phenocrysts, for the areas studied. In every 
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case the biotite inclusions are readily distinguished megascop
ically. 

The comparative abundance of inclusions I in the pheno
crysts, and the form and size of the latter, suggest a rapid 
growth for the porphyritic crystals. The inclusions are not 
limited to and distributed through the outer zones of the pheno
crysts, indicative of different periods in crystal growth with ref
erence to the ground mass constituents, but, on the contrary, 
they are scattered through all parts of the crystal (phenocryst). 
The inclusions are grouped, with few exceptions, without regard 
to crystallographic lines or directions, and without uniform orien
tation with reference to the host and each other. No external 
evidence in the nature of crowding and pushing aside of the 
adjacent groundmass microlites during the growth and expan
sion of the phenocrysts has been observed, resulting in some 
cases, as mentioned by Pirsson,2 in the resemblance to the flow 
structure. 

The microscope, as a rule, fails to indicate, in the rock sec
tions studied, rounding or irregularity in crystal outline of the 
original phenocryst resulting from a partial resorption or corro
sion of the crystals by the magma in the Georgia areas. 

Phenocrysts of roughly idiomorphic outlines - flat, tubular
and irregular-allotriomorphic forms - appear, with the former 
predominating in most of the areas. In view of confirmatory 
evidence, elsewhere stated in this paper, idiomorphism among 
the phenocrysts in the Georgia rocks could in no-wise be 
accepted as resulting from formation at greater depths and 
under entirely different conditions from the other constituents. 
In the absence of all other evidence it would be difficult to 
prove that form alone was a definite criterion favoring intratel
luric origin. Pirsson 3 has shown that contrast in crystal form 

. and size may very well be explained in an entirely different 
way. 

I Ibid., p. 80. • Op. cit., pp. 276, 277. 

3 Ibid., pp. 278-280; see also CROSBY, W. 0.: Amer. Geol., 1900, Vol. XXV, pp. 
299-3 10. 
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The absence of (a) definite arrangement or orientation 
among the phenocrysts; (b) of phenocrysts from the border 
zones of the massif - gradation from an interior porphyritic 
facies peripherally into an even-granular granite of coarse tex
ture and the same mineral and chemical composition; (c) the 
further absence of evidence of magmatic resorption or corros.ion 
of the phenocrysts; and (d) the presence of abundant inclu
sions of all the groundmass constituents, characterizing the gen
erally tabular phenocrysts of the Georgia porphyritic granites, 
fully justify the· conclusion that the phenocrysts in these rocks 
were formed in place, and are not intratelluric in origin. 

LABORATORY OF THE GEOLOGICAL 

SURYEY OF GEORGIA, 

Atlanta, Ga. 

THOMAS L. WATSON. 
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CERTAIN PECULIAR ESKERS AND ESKER LAKES 
OF NORTHEASTERN INDIANA 

NORTHEASTERN Indiana is traversed by a series of massive 
moraines of late Wisconsin age, the joint product of the Erie 
and Saginaw lobes of the Laurentide ice-sheet. The Erie ice 
invaded the region from the south of east, the Saginaw ice from 
the east of north. Thus the general directions of ice movement 
in the two were at right angles to each' other. The Saginaw 
lobe was relatively feeble and withdrew from the region before 
the Erie lobe. Along their line of contact there is much confu
sion, but it is possible to correlate the moraines and to mark out 
with considerable accuracy the limits of Erie and Saginaw drift.· 
The region abounds in unusual features. Half-filled valleys and 
abnormal drainage lines, isolated knobs and morainic outliers, 
clusters and chains of lakes, kettles, and kames conspire with 
esker-like ridges to produce a type of topography and scenery 
which seems artificial and almost bizarre. The southwestern 
portion of Noble county presents forms which are, perhaps, best 
described under the name of eskers." 

On the line between the townships of Noble and Washington 
a system of ridges occupies about two square miles and sur
rounds the basin of High Lake. The most prominent member 
is a gravel ridge one mile long, extending east and west along 
the south side of High Lake. It is highest and broadest at the 
east end, where it surrounds and encloses an oval kettle whose 
bottom is at lake level. The sides of the kettle rise to 25 and 
35 feet at the lowest points, and to 70 and 85 feet at the high
est points, which are at the ends of the oval. The westward 
extension of the ridge has a height varying mostly between 50 

I Eighteenth Report Indiana Geology, pp. 28, 84. 

• The data for the maps, Figs. I and 2, were obtained with an "aneroid and tape 
line, township, section, and farm lines, and the surface of the principal lake in each 
being used as bases. 
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and 75 feet, falling to 30 feet at one point where a ditch has 
been cut through it. The crest is usually sharp, and the lateral 
slopes are as steep as the material will permit. A small pit which 
has been opened on the southeast slope shows coarse rounded 
gravel without definite stratification. The ditch is cut through 
sand and fine gravel. At one point near the lake shore there is 
an outcrop of cemented gravel. These are the only exposures, 
and since the whole ridge is covered by a heavy growth of oak 
timber, investigation is difficult. 

A mile and a half to the north the gravel ridge just described 
is paralleled by an equally massive ridge of till which rises 50 
to 60 feet above lake level and 30 to 40 feet above the general 
level of the country. It is broad and flat-topped with steep and 
symmetrical slopes, and pitted with numerous small kettles. It 
extends westward three fourths of a mile and then, bending 
sharply to the west of south, is prolonged an equal distance in 
that direction to the northwest corner of High Lake. The 
southern half of this portion, however, is composed of gravel; 
the transition from till to gravel being abrupt and marked only 
by a slight change in the trend. The gap between the ends of 
the two gravel ridges above described is almost closed by a 
series of broken ridges of sand, generally less than ten feet high, 
but rising in one sharp peak to forty feet. 

From the central mass of the till-ridge two short spurs pro
ject toward the south. One of these is separated by only a 
small gap from a ridge of sand which continues in the same 
direction to the northeast corner of High Lake and along its 
eastern border. On the north it is broad, rounded, and 40 feet· 
high, but narrows and falls toward the south to a height of 5 
feet, then widens and rises to 35 feet at the southern end. The 
lowest part of this ridge is a pile of angular bowlders up to a 
foot in diameter, with the interstices filled with sand. 

The till-ridge is prolonged a mile or more to the northeast 
by a broad elevation of complex structure and topography. The 
greater portion of its mass seems to be composed of sand, which 
forms the highest peaks, 65 and 70 feet above lake level. An 
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area of at least twenty-five acres is studded with mounds and 
kettles, averaging about one each to the acre. One of these 
mounds has been excavated, and is shown to be made up of a 
uniform mixture of two thirds coarse gravel and one third clay. 
The clay forms a tough cement which holds up the material in 
a perpendicular face. The mixture might be called a clay con
glomerate. . A few large boulders occur in this tract. It is con
tinued on the east by an isolated gravel mound rising to 6S feet 
above lake l.evel. 

The system of ridges forms an irregular parallelogram which 
nearly encloses the basin of High Lake. The northern part of 
the basin is occupi,ed by a tamarack swamp. The area of open 
water is about half a square mile, mostly from 10 to 3 S feet 
deep. It is deepest toward the south and west shores. There 
are no inlets except ditches from a few insignificant marshes, 
and in summer evaporation equals or exceeds supply. The 
overflow is by a small ditch to Bear Lake. The basins of the 
two lakes are really continuous, being only partially separated 
by the sand and boulder ridge. That their waters were once 
united is shown by a well-developed beach which borders the 
ridge and fills the gap between it and the till-spur. 

This peculiar grouping of diverse and strongly marked 
features forms a puzzle difficult of solution. The east-west gravel 
ridge presents the characters of a subglacial esker, yet its 
height, steepness of slope, short extent and isolation are unusal. 
The presence of the great kettle hole piercing its center from top 
to bottom is not the least remarkable feature and contributes to 
the general impression of unnaturalness. The north-south ridges 
are sufficiently esker-like, but the western one is continuous, 
without notable change in form or direction, with the till ridge. 
The latter is an esker in form but its material is that of a sub
marginal moraine. Its northeastward extension presents some 
of the characters of a pitted sand plain or esker-delta, but it is 
complicated by the presence of the clay conglomerate and the 
kame-like sand and gravel knobs. The general indications of 
the surrounding country are that the Sagmaw ice here moved 
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to the east, southeast and south, but it seems impossible to 
interpret the local phenomena upon that supposition. If the tiII 
ridge is a frontal moraine the direction of ice movement was 
northward. During the formation of this moraine the ice was 
traversed by tunnels or cracks which surrounded a block occupy
ing the High Lake basin. These openings formed to some extent 
the channels of glacial drainage, but the .writer finds himself 
unable to conceive how any considerable quantity of the sand, 
gravel and boulders in the ridges could have been transported 
by running water and deposited in such irregular and discon
nected heaps. The clearest mental picture he is able to construct 
is that of a high narrow crack or tunnel, perhaps gradually trans
formed by the collapse of its roof into an ice-walled canyon open 
to the sky. Into this crevasse the surface debris slid or was 
irregularly dumped until it was filled to a height considerably 
above the tops of the present ridges. The subsequent removal 
of the walls permitted the pile to spread and assume such form 
as gravity and the coherence of the material permitted. In form 
the main gravel ridge is much like the pile of iron ore seen in 
the yard of a modern blast furnace and perhaps it may be regarded 
as a dump moraine formed under peculiar conditions. At the 
position of the large kettle the crack must have divided around 
an isolated ice-block or island which, although not more than 
two hundred yards in diameter, persisted through the whole 
period of filling, the bulk of the material being deposited equally 
on each side of it. Genetic classification of the system as a 
whole seems impossible. It might be called an esker-kame
moraine. 

About five miles west of High Lake, along the valley of Turkey 
Creek lies the system of eskers shown in Fig. 2. The valley is 
here from one fourth to one half a mile wide and bounded by 
well defined bluffs. The valley floor is occupied for several 
miles by a peat bog containing a dozen small lakes. About one 
mile of it is traversed by a series of sand ridges and mounds 
disposed in characteristic eskerine patterns and contours. The 
direction of drainage was plainly northward. The main ridge 
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is 200 to 300 feet wide and fifteen to twenty feet high with a 
rather flat crest rising in occasional knolls to twenty-five and 
thirty feet. The northern portion of the series consists of a 
group of irregular islands and mounds of considerable mass which 
is perhaps the representative of an esker-delta. No excavations 
or cuts have been made and the surface shows no material but 
sand with an occasional small boulder. The arrangement of the 
ridges and mounds is such as to enclose between them and the 
bluff the basin of Gordy's Lake of about fifty acres extent and 
thirty-five feet in depth. High and Gordy's lakes owe their 
existence and outline to the presence of eskers and they seem 
worthy to constitute a distinct species of glacial lakes to be 
known as esker lakes. 

INDIANA STATE NORMAL SCHOOL, 

Terre Haute. 

CHARLES R. DRYER. 
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CORRELATION OF THE KINDERHOOK FORMATIONS 
OF SOUTHWESTERN MISSOURI. 

IN a recent geological report on Greene county, Missouri,' 
by Professor Edward M. Shepard, the stratigraphy of a portion 
of the southwestern part of the state surrounding the city of 
Springfield, has been described in detail. Some of the correla
tions proposed for the Kinderhook formations, however, are 
erroneous because of the almost entire disregard of paleontologi
cal evidence. The Kinderhook formations in the area are not 
abundantly fossiliferous, and unless careful search be made for 
fossils they may be easily overlooked. All the principal forma
tions, however, contain distinctive faunas which furnish the data 
for a definite correlation of the beds. 

The formations described by Shepard that must be included 
in the Kinderhook, are as follows, beginning with the lower
most, the names being those used in the report: 

I. Eureka or black shale - 0 to 4 feet 
2. King limestone - I to 15 feet 
3. Sac limestone - I to 18 feet 
4. Phelps sandstone 0 to 4 feet 
5. Louisiana limestone - 0 to 8 feet 
6. Hannibal sandstone and shale 10 to 90 feet 
7. Chouteau limestone - 3 to 30 feet 

The most conspicuous of these formations in the region cov
ered by the report are the Sac limestone, the so-called Hannibal 
sandstone and shale and the so-called Chouteau limestone. In 
his geological map Shepard has recognized only three divisions in 
the series which correspond in general with the three formations 
just named. The Eureka shale and the Phelps sandstone are 
also formations which are apparently worthy of separate defini
tion, but the King limestone and the so-called Louisiana lime
stone may prove, upon sufficient investigation, to be nothing but 

I A Report on Greene county, by EDWARD M. SHEPARD, Geol. Survey of Mis
souri, Vol. XII, pp. 12-245 (December 1898). 

1.10 
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lithologic facies of the Sac limestone. The strict correlation of 
the formations called Louisiana limestone, Hannibal sandstone 
and shale, and Chouteau limestone with the (ormations recog
nized under these names in the central and northeastern portion 
of the state cannot be sustained, as will be shown 'in the follow
ing pages, and in the present paper the names Northview sand
stone and shale and Pierson limestone will be substituted for 
Hannibal sandstone and shale and Chouteau limestone. 

The four lowermost of the formations in the preceding list, 
were referred by Shepard to the Devonian, but in view of the 
well defined Kinderhook faunas that are present in the Eureka 
shale and the Sac limestone. such a correlation cannot be sus
tained. 

Eureka skale.-This formation has been recognized by Shep
ard in but few localities in the area covered by his map, and is 
restricted, for the most part, to the southwestern portion of the 
region where it attains its maximum thickness. Outside of this 
portion of the area, a few inches of shale have been recognized 
at several localities lying above the magnesian limestones, which 
are referred to this formation. Near Frazer's, at the chief local
ity for the Eureka shale cited by Shepard, the following fossils 
were collected by the writer: 

I. Lingula sp. d. L. subspatulata M. & W. 
2. Orbiculoidea sp. undet. 
3. Chonetes sp. d. C. logani N. & P. or C. ornatus Shum. 
4. Ambocoelia parva Weller. 
S. Phyllocarid crustacean. 
6. Fish scales? 

The most common fossils in the fauna are the Lingulas, in 
this respect simulating the Eureka shale fauna of northern 
Arkansas which has been described by Williams.' Orbiculoidea 
is not recorded from Arkansas by Williams, although there is no 
reason why the genus should not be present in the Eureka shale 
of that state. The Chonetes found at Frazer's is evidently iden
tical with one of the species of this genus recorded by Williams, 

I Am. Jour. Sci. (4), Vol. VIII, pp. 139-152. 

Digitized by Google 



13 2 STUART WEL.LER 

and is probably identical with one of the common Chouteau 
species of the genus. Ambocoelia parva was first described from 
the Northview sandstone, and the specimens from the shale 
seem to be indistinguishable from the types of the species 
except that they are more or less crushed. No crustaceans are 
recorded by Williams, but Phyllocarid crustaceans similar to 
those noticed in the fauna are not of uncommon occurrence in 
.similar shale formations. Fish remains were detected by.Wil
Iiams in the Arkansas beds. No specimens of the Leiorhynchus 
subspatula noticed by Shepard' from this locality were detected 
by the writer. 

Notwithstanding the presence of some forms in this fauna at 
Frazer's which have not yet been recognized in the Eureka 
shale of Arkansas, and the absence of others which are known 
to occur there, when we consider the poorly preserved nature of 
the fossils in all the localities and the stratigraphic relations of 
the beds containing them, the similarity between the faunas of 
the two regions is sufficient to establish the correlation, in a 
general way, of the beds containing them. 

In regard to the age of the Eureka shale fauna in Arkansas 
Williams 2 says; 

The fauna of these fine shales in Arkansas, terminating and following 
the black shales, is unmistakably much higher than the Genesee black shale 
of New York. Faunally it is the correlative of the Louisiana or lithographic 
limestone, and is thus as late as the Kinderhook stage ot the Eocarbon
iferous. 

The beds indicated in the quotation are the fine green shales 
which always follow without any break in the sedimentation, the 
typical black Eureka shale when the two members are both 
present. Usually the black shales, in Arkansas, contain almost 
no fossils save Lillgulus, but at one locality on War Eagle Creek 
a fauna from the black shales is noted which does not differ 
essentially from that in the greener beds. 

Recent careful studies among the Kinderhook faunas of 
the Mississippi valley have given a basis for a more definite 

I Loc. cit., p. 67. • Loc. cit., p. 149. 
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correlation of the Eureka shale fauna than Williams was able 
to make! As will be shown, the fauna may be correlated defi
nitely with that of the upper Kinderhook, that portion of the 
series which lies above the Chonopectus sandstone in the 
Burlington section. 

The specimens referred to Cyrtina acutirostris by Williams are 
probably not representatives of the typical form of this species, 
but of a variation which may prove to be an undescribed form 
which is present in the Sac limestone and in the typical Chouteau 
limestone. Spiriler marionmsis is a common species in the upper 
Kinderhook. The species recorded as S . .'! compactus Meek is cer
tainly. S. peculiaris Shum., a common and variable species in the 
upper Kinderhook which possibly runs up into the lower portion 
of the Burlington limestone. Atkyris kannibalmsis is only a small 
form of A. lamellosa, and the two are not specifically distinct. 
It is common in the upper Kinderhook of southwestern and 
southeastern Missouri, but has not been recognized in the Bur
lington section. The three forms of Chonetes recorded by Wil
liams are probably all present in the upper Kinderhook. The 
species of Productus referred to P. hallanus Walc. is not that 
species, but the specimens so identified are identical with a 
common species in the Sac limestone which has also been recog
nized in the typical Chouteau of central Missouri and in the 
upper beds of the Kinderhook in southeastern Missouri. The 
pedicle valve resembles P. hallanus, bUl: the brachial valve does 
not have the concentric markings of that species. The orthids 
recorded by William are like those in the upper Kinder
hook faunas elsewhere. Leptaena rkomboidalis is present in 
almost every upper Kinderhook fauna but has not been recog
nized in the Chonopectus fauna, nor in that of the Louisiana 
limestone. The additional species recorded by Williams afford 
little evidence as to the age of the fauna. 

'Many of the Arkansas collections studied by Williams were made by the writer 
as an assistant to Professor Williams under the auspices of the United States Geo
logical Survey. These collections were also carefully studied by the writer in 
Professor Williams' laboratory during the winter of 1894-5. 
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The paleontological evidence, as shown above, points con
clusively to the Kinderhook age of the Eureka shale of Arkan
sas, and not merely may the fauna be correlated with the 
Kinderhook in general, but with that portion of the Kinderhook 
which is represented by the Chouteau limestone of central 
Missouri. The fauna is younger than the Chonopectus fauna of 
the Burlington section, and is also younger than the fauna of the 
Louisiana limestone if the generally accepted view as to the 
stratigraphic position of this formation, at the extreme base of 
the Kinderhook, be the correct one. 

The Eureka shale in Missouri, as described by Shepard, is 
doubtless a stratigraphic continuation of the Arkansas forma
tion, though the actual time of its deposition may have been a 
little earlier. The Kinderhook sea, in southwestern Missouri 
and northern Arkansas, is believed to have been transgressing 
upon the land to the southward. The Eureka shale facies of 
sedimentation is believed to have been a transgressing formation 
associated with the trangression of the sea to the southward, it 
being the initial sedimentation upon the newly submerged land 
surface. This formation, therefore, in the region cuvered by the 
Greene county report, was probably deposited a little earlier in 
time than its stratigraphic equivalent in northern Arkansas, as it 
is followed by the Sac, Northview, and Pierson formations. In 
northern Arkansas this same stratigraphic unit represents the 
final stages of the Kinderhook, it being immediately followed by 
the St. Joe marble whose fauna indicates the Burlington age of 
the formation. The black Eureka shale in Arkansas, with its 
associated greenish shale beds and the equivalent Sylamore sand
stone, may be considered as the sole representatives of the 
Kinderhook in that state, the time of their deposition being the 
final stages of the Kinderhook epoch. 

Sac limestone.- The King limestone, described by Shepard, 
has not been studied by the writer. It is said to be" .. rarely 
over a foot or two in thickness except outside and south of the 
area." A further statement is made in regard to the formation 2 

I Loc. cit., p. 71. • Loc. cit., p. 72. 
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to the effect that II to the south .... it underlies, directly, the 
Phelps sandstone, the Sac limestone being absent." This manner 
of occurrence would seem to indicate that the formation was but 
a facies of the Sac limestone, it being thin or almost absent 
where the typical facies of that formation is well developed, 
becoming thicker and replacing the lithologic facies described 
as the Sac limestone, to the south. A careful search for fossils 
should be made in the limestone in order to determine whether 
or not its fauna is the same as that in the Sac limestone. 

The typical facies of the Sac limestone is well exposed in 
numerous outcrops along the Sac River and its branches in the 
northern portion of Greene county, the name of the formation 
being selected by Shepard I because of this occurrence. It is a 
hard, bluish gray, compact limestone with a maximum thickness 
of eighteen feet, usually deposited in beds of from six to ten 
inches thick with thin greenish shaley partings between the beds. 
The rock has been quarried somewhat extensively at several 
points and shipped to Springfield to be used as curbing. Shepard 
referred the formation with those beneath it, to the Devonian, 
considering it to be of Hamilton age. No fossils were secured 
by him in the formation itself by means of which such a correla
tion could be established, but in the overlying Phelps sandstone, 
numerous waterworn fragments of fish-teeth were secured, some 
of which were identified as Ptyctodus calceolus. This genus of 
fishes is usually considered to be limited to the Devonian, and 
its presence in beds overlying the Sac limestone was considered 
to be sufficient evidence to justify the reference of the under
lying beds to the Devonian. A study of the invertebrate fauna 
of the Sac limestone, however, serves to definitely correlate the 
formation with the lower portion of the Chouteau limestone of 
central Missouri, and leads to the conclusion that either the 
waterworn fragments of fish-teeth have been wrongly identified, 
or that the genus Ptyctodus has a higher geological range than 
has hitherto been supposed. 

Although no fossil fauna was secured from this formation 
I Loc. cit., p. 74. 
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by Shepard, the Sac limestone is really fossiliferous in most 
localities where it is exposed, and frequently affords beautifully 
preserved specimens. One of the best fossil localities in the 
formation known to the writer, is at an old quarry about eight 
miles northeast of Springfield, east of the Fair Grove road where 
it crosses the north branch of the Little Sac. The species col
lected at this locality will be enumerated, with notes on their 
occurrence elsewhere. 

I. Platycrinus ollicula S. A. M. 
2. Platycnnus annosus S. A. M. 
3. Platycrinus absentivus S. A. M. 

All three of these species of Platycrinus were originally 
described from the Chouteau limestone of Pettis county, Missouri. 

4. Dichocn·nus sp. undet. A single specimen of this crinoid has been 
observed. It is too imperfect for specific identification, but it 
resembles D. inornatus from the upper Kinderhook beds at Le 
Grand, Iowa. 

5. Schizoblastus roemeri Shum. This species originally described from 
the Chouteau limestone at Providence, Missouri, is one of the com
monest species in the Sac limestone at the locality under discussion. 

6. Leptaena rhomboidalis Wilck. This species is entirely absent from 
the lower Kinderhook beds at Burlington, Iowa, making its first 
appearance in the upper" Yellow Sandstone," bed NO.5.' The 
species is also absent from the Louisiana limestone fauna of the 
lower Kinderhook, but is universally present in the upper Kinder
hook. 

7. Chonetes logani N. & P. This little species is particularly charac
teristic of the oolite bed No.6 2 of the Burlington section. It is also 
possible that C. ornatus Shum., from the typical Chouteau lime
stone, is not specifically distinct. 

8. Productus blair; S. A. M. This species was originally described 
from the Chouteau limestone of Pettis county, Missouri. 

9. Productella concentrica H. This species occurs abundantly in the 
Chouteau limestone of central Missouri, and is also a member of the 
oolitic limestone (bed No.6) fauna at Burlington, Iowa. 

10. Schizo phoria swallovi H. The specimens referred to this species 
are smaller than the normal form of the species in the Burlington 
limestone. Specimens agreeing in all respects with those from the 
Sac limestone, are also present in the typical Chouteau limestone. 

'Iowa Geol. Survey, Vol. X, p. 76. 2 Loc. cit., p. 77. 
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II. Rhipidomella burlingtonensis H. A small form of this species is 
present in the fauna, which agrees in all respects with specimens 
from the Chouteau limestone. 

12. Pugnax missouriensis Shum. The Sac limestone specimens of this 
species are indistinguishable from specimens of the same species 
from the Chouteau limestone at Chouteau Springs, Missouri. 

13. Athyris prout; Swall. This species has not been seen from the 
Chouteau limestone of central Missouri, but is a common species in 
the upper portion of the Kinderhook near Sulphur Springs, Mis
souri. 

14. Athyris sp. undet. A small species somewhat resembling the 
Devonian A. /ullonensis occurs in the Sac limestone fauna, and the 
same form is present in the Chouteau limestone at Providence, 
Missouri. 

15. Cleiothyns sp. undet. Specimens of a small lenticular species 
resembling C. hirsuta are present in the fauna, and the same 
species occurs in the Chouteau limestone at Providence, Missouri. 

16. Spin:ter peculiarts Shum. This is one of the commonest species 
of the Sac limestone fauna, as it is also of the Chouteau limestone 
of central Missouri. The same or a closely allied species occurs in 
bed NO.5 at Burlington. 

17. Spirifer latior Swall.? This species was originally described from 
the Chouteau limestone of Cooper county, Missouri, but no illustra
tions of it have ever been published. The Sac limestone specimens 
are identified thus with some doubt, but in any event a species iden
tical with them occurs in the Chouteau limestone of Pettis county. 

18. Spirifer slriatifoYmts Meek? This identification is only provisional, 
but specimens of the same species occur in the Chouteau limestone 
in Pettis county. 

19. Syringothyris mtssoun' H. & C. This species is only known else
where from the Chouteau limestone at Chouteau Springs, Missouri. 

20. Cyrtina sp. undet. The same species has been recognized from 
the typical Chouteau limestone. 

21. lJielasma sp. undet. A rather large, smooth species of this genus 
is present in the fauna, which is apparently identical with specimens 
from the Chouteau limestone of Pettis connty. 

22. Capulus sp. undet. Several forms of this genus are present in the 
fauna which may belong to several distinct species. 

23. Corals and Bryozoa. Se'veral undetermined species of corals and 
blyozoa of little diagnostic value, occur in the fauna. 

2-t. Fish teeth. Fragments of fish teeth are not uncommon in the 
fauna. 
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From the list of fossils just given it will be seen that the 
fauna of the Sac limestone corresponds closely with that of the 
typical Chouteau limestone of central Missouri, and more espe
cially with the lower division of the Chouteau limestone as 
described by Swallow.' There is no foundation whatever for 
correlating it with the Hamilton formation of the Devonian, but 
several of the species are also present in beds 5 and 6 of the 
Kinderhook at Burlington, Iowa. 

The formation referred by Shepard to the Louisiana lime
stone, is described as follows by that author:' 

The lowest member of the Carboniferous is not so variable in composi
tion and texture as the other two. It frequently, however, possesses such 
lithologic characters as to make it difficult to distinguish it from the asso
ciated Devonian rocks. As only a few obscure fossils have been found in 
this region, its identification is dependent entirely upon position and lithologic 
characters. 

The Devonian formation referred to in the above quotation is 
the Sac limestone. The difficulty in separating the so-called 
Louisiana limestone from the Sac limestone is frequently indi
cated by Shepard by such statements as the following: 

P. 85: .... an outcropping of what seems to be some eight or ten 
feet of Louisiana, though it may prove to be a somewhat modified form of 
Sac limestone; p. 76: it is barely possible that this particular rock may be 
Louisiana, and not the Sac limestone; .p. 77: there is frequent difficulty, on 
account of lithologic characters, in separating it [the Sac limestone 1 from the 
Louisiana when the Phelps sandstone is absent; p. 77: it is a noticeable fact 
that, when the Devonian [the Sac limestone] is present, the Louisiana lime
stone is usually, though not always, absent. 

Among the localities mentioned for the Louisiana limestone, 
the best exposure where both this formation and the Sac lime
stone are present, is said to be at the Newton mound,3 and the 
description of its stratigraphic position at this locality is as fol
lows: "Immediately underlying the Hannibal shales and over
lying the Phelps sandstone, are ten feet of this limestone." The 
Phelps sandstone at this same locality is described in another 

I Geo!. Surv. Mo., Rep. I and II (1855), p. 102. 

• Loc. cit., p. 84. 3 Loc. cit., p. 84. 

Digitized by Google 



KINDERHOOK FORMATIONS OF MISSOURI 139 

place I as follows: II a number of fragments of the typical sand
stone with fish teeth were found on the slope. A hurried search 
did not discover this sandstone uncovered." If this last state
ment be correct, it is difficult to see how the fact stated in the 
first of the above quotations can be demonstrated. Another 
locality mentioned where the Louisiana limestone is said to be 
II associated with the Devonian" is on the Cochran farm. The 
so-called Devonian described at this locality is the Sac limestone 
and "loose fragments" of Phelps sandstone in which II no fish 
teeth were found." In neither of these localities is it demon
strated that the so-called Louisiana limestone and the Sac lime
stone are distinct formations separated by the Phelps sandstone. 
The loose fragments supposed to belong to this sandstone can 
be of no value in elucidating the stratigraphy. In none of the 
other localities given for the Louisiana limestone is there any 
evidence given to show that the formation is distinct from the 
Sac limestone, and the careful reader of the Greene county 
report is forced to the conclusion that its author mistook mere 
lithologic variations of a single stratigraphic unit as two distinct 
formations. A careful search for fossils, however, should be 
made in the outcrops of so-called Louisiana limestone, for the 
purpose of demonstrating its identity with the Sac limestone. 

Phelps sandstont'.-This formation has been examined by the 
writer only at its typical locality in the neighborhood of the 
Phelps mines. It has been recognized by Shepard, however, as 
a more or less continuous formation throughout the area cov
ered by his report, and is frequently characterized by the water
worn fragments of fish teeth. At the Phelps mines these teeth 
are somewhat abundant, but are so waterworn that in every 
specimen observed the original form has been destroyed. Some 
of these specimens have been identified by Shepard as Ptyctodus 
cakeolus, and it was chiefly from the evidence of this identifica
tion, with no knowledge of the invertebrate fauna of the Sac 
limestone, that the Phelps sandstone was referred to the Devo
nian, such a reference carrying with it, of necessity, all the 

I Loc. cit., p. 81. 
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underlying beds down to and including the Eureka shale. This 
sandstone resembles, lithologically, the Sylamore sandstone of 
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3. Ortholhetes inaequalis Hall? In the paper cited above, this shell 
was identified as O. chemungensis. It is probably identical with one 
of the species in the upper Kinderhook beds at Burlington. but may 
not be the O. inaequalis. 

4. Schizophoria swallovi Hall. The specimens of this species resem
ble those from the subjacent Sac limestone. and also those from the 
superjacent Pierson limestone. but are usually larger than the Sac 
limestone specimens. 

5. RhijJidomella our/ingtonensis Hall. The specimens of this species 
are not unlike those from the other Kinderhook formations of the 
region. but are usually larger than the Sac limestone specimens. 

6. Choneks illinoisensis Worthen? The specimens so identified should 
perhaps rather be referred to C. multicosta Win •• described from 
the" yellow sandstone" at Burlington. Iowa. 

7. Productella concentnca Hall. A single individual of this species 
resembles specimens of the same species from Burlington. Iowa. 

8. SjJin:ter marionensis Shum. This is one of the most abundant 
species in the fauna of the Louisiana limestone at its typical 
exposures. It is also a common species in the oolite bed at Burling
ton and occurs in the subjacent .. yellow sandstone" at the same 
place. as well as being more or less common in most of the upper 
Kinderhook faunas. 

9. SjJin:ter sln·aliformis Meek? This species is probably identical 
with the one so identified from the Sac limestone. 

10. Syn"ngothyris carlen· Hall. Several specimens from Northview 
have been referred to this species, although the characteristic 
syrinx and punctate shell structure of the genus have not been 
observed. 

I I. Aml>ocoelia jJarva Weller. This species has only been observed in 
this fauna and in the Eureka shale. 

1'2. Athyris lamellosa Lev. This species is a common one in the super
jacent Pierson limestone. and is also a member of the typical 
Chouteau limestone fauna. 

13. Cleiothyns sp. undet. These specimens are possibly identical with 
those in the Sac limestone. 

14. Dielasma sp. undet. This shell is perhaps the same as that 
described by Winchell as Centronella allei from the upper .. yellow 
sandstone" at Burlington. 

15. Crenipecten winchelli Meek? This is a species which was originally 
described from the Waverly sandstones of Ohio. 

16. Crenipecten laevis Weller. This species was described from North
view. and is not known elsewhere. 
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17. Pernopeden cooper~nsis Shum. This is one of the commonest 
species in the Northview sandstone, and is also one of the most 
characteristic species of beds 5 and 6 of the Burlington section. It 
was originally described from the Chouteau limestone of Cooper 
county, Missouri, and is a common shell in some beds of the Chou· 
teau limestone. 

18. Modimorpha north'lliewensis Weller. This species has only been 
recognized at N orthview. 

19. Macrode" sp. undet. This species has not been identified, but the 
genus is represented in the upper II yellow sandstone" fauna at 
Burlington by a very common species. The genus is also repre
sented in the typical Chouteau limestone. 

20. Cardiopis radiala M. and W. This species originally described 
from the goniatite limestone at Rockford, Indiana, also occurs in 
the Chouteau limestone in Pettis county, Missouri. 

21. Cardiopsis ereclus Weller. This species was first described from 
Northview, and has not been recognized elsewhere. 

22. Palaeoneilo sp. undet. This species was formerly identified with a 
query as P .• ·onslnda Con., but it is probably distinct. It is closely 
allied to P. microdonla Win. of the upper II yellow sandstone" at 
Burlington, but is usually larger. 

23. Palaeoneilo lruncala H. This species, originally described from the 
Waverly sandstones of Ohio, is represented in the upper II yellow 
sandstone" at Burlington by P. barnsi W. & W. a similar but 
smaller species. The genus Palaeoneilo does not occur in the 
Chonopectus fauna at Burlington, and has not been recognized in 
any of the lower Kinderhook faunas. 

24. Schizodus aequalts Hall. This is a Waverly sandstone species, and 
has not been recognized elsewhere in the Kinderhook. 

25. Elymella missoun"ensts M. & G. This species was originally 
described from the Chouteau limestone of Pettis county, Missouri. 

26. Promacrus webslerensis Weller. This was described as a new 
species from Northview. 

27. Promacrus cunealus Hall. In the description of the fauna of the 
Chonopectus sandstone,' this species was provisionally included. 
Since that time, however, through ~he courtesy of Dr. E. O. Hovey, 
of the American Museum of Natural History, the type specimen of 
P. cuneatus has been examined by the writer, and it proves to have 
come from the upper II yellow sandstone," bed NO.5, at Burlington. 
The genus Promacrus is represented by several species in the 

'Kinderhook Fauna Studies. II. Fauna of the Chonopectus Sandstone at 
Burlington, Iowa. Trans. St. Louis Acad. Sci., Vol: X, pp. 57-129. 
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typical Chouteau limestones of central. Missouri. It is not known 
anywhere in the lower Kinderhook beds, and is probably a character
istic form of the upper Kinderhook faunas. 

28. Sanguinoliles weosterensis Weller. This species was described as 
new from Northview, but probably occurs also in the Waverly sand
stones of Ohio. 

29. Edmondia sp. undet. This species was originally identified,as E. 
ourlingtonensis W. & W., but an examination of the types of that 
species from the Chonopectus sandstone have led to the conclusion 
that the two shells are not specifically identical. 

30. Edmondia missourlensis Weller. This species was described as new 
from Northview. 

31. Tro/Jidodiscus cyrtolites Hall. This species, originally described 
from the goniatite limestone at Rockford, Indiana, is also recorded 
from the Waverly sandstones of Ohio. 

32. EujJlumus f sp. undet. 
33. Bucaniaf sp. undet. 
34. Be//ero/Jhon sp. undet. 
35. Mourlonia north'lliewensis Weller. This was described as a new 

species from Northview., 
36. Pleurotomaria sp. undet. 
37. Plalyschisma missouriensis Weller. This was described as a new 

species from Northview. 
38. StrajJaro//us sp. undet. 
39. Phanero/inus /Jaradoxus Winch. This species, first described from 

Burlington. is probably a member of the upper" yellow sandstone" 
fauna at that locality. 

40. Ca/Julus sp. undet. 
41. Porce//ia rectinoda Win. (?) The correct hOrIZon of the original 

types of this species at Burlington is not known. Two other mem
bers of the genus, however, occur in the Chonopectus sandstone. 
The genus is also known to occur higher up in the Burlington lime
stone. 

42. Loxonema sp. undet. This species is of the general form of speci
mens which are not uncommon in the Chouteau limestone in Central 
Missouri. 

43. 0r.thoceras indianense Hall. These specimens, formerly identified 
as O. Chemmigense Swall., are probably identical with a form com
mon in the oolitic limestone (bed No.6) at Burlington, which may 
probably be identified with O. indiallense of the goniatite limestone 
at Rockford, Indiana. 

44. Trlooloceras digonum M. & W. This species is a common one in 
some portions of the Chouteau limestone of central Missouri. 
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45. Proetus sp. undet. 
46. Spirophyton sp. undet. These fucoid markings are abundant 

everywhere in the sandstone, and with the worm borings are the 
only fossils which are always recognizable in this formation. 

When the description of the N orthview fauna was published 
no differentiation of the faunas of the" yellow sandstone" at 
Burlington was possible. Since that time, however, a study of 
the type collections from that locality has shown that two quite 
distinct yellow sandstone faunas occur! The lower is charac
terized by Ckonopectus fisckeri N. & P., and the bed containing it, 
bed NO.2, has been called the Chonopectus sandstone. The 
upper yellow sandstone is characterized by the presence of Per
no pecten, Promacrus, and Palaeoneilo, genera which are wanting 
from the Chonopectus fauna. These same genera, however, are 
among the most characteristic forms of the Northview sandstone, 
and all of them are also present in the fauna of the typical 
Chouteau limestone of central Missouri. The faunas of I he 
Northview sandstone and of the upper yellow sandstone at Bur
lington may be considered as analagous, and they may without 
hesitation be considered as one facies of the upper Kinderhook 
or Chouteau fauna. 

The Northview shales are usually quite barren of fossils, but 
at a few localities they are abundant. They are mostly brachio
pods and corals, but no complete list of species can be given in 
this place. The collections in Walker Museum contain only a 
few specimens from this bed near Bolivar in Polk county, the 
species represented being Atkyn's lamellosa, ReticuluM cooperensis, 
and Rkipidomella burlinglonensis. These species are all present 
in the fauna of the typical Chouteau limestone elsewhere. 

Pierson limestone.-This is a fine-grained, buff colored, gritty 
limestone having a maximum thickness, according to Shepard,' 
of thirty feet, being the formation designated by him as -the 
Chouteau limestone. In view of what has already been written 
in regard to the faunas of the Sac limestone and the N orthview 
sandstone, it will be recognized that the formation is by no 

I Iowa Geol. Surv., Vol. X, p. 79. • Loc. cit., p. 83. 
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means an exact equivalent of the Chouteau limestone of central 
Missouri, but represents merely the upper portion of that forma
tion. The formation is well exposed along Pierson Creek near 
the zinc mines, and since it possesses an individuality of its own 
as a formation, over a rather extensive area, it may be designated 
as the Pierson limestone. The formation is frequently non-fos
siliferous, but fossils often occur and are usually well preserved. 
One of the best fossil localities is on the south branch of the 
Little Sac Creek, about two miles north of Lyman station on the 
St. Louis and San Francisco railroad. At this locality the fol
lowing fauna was collected which may be taken as a typical 
representation of the fauna of the whole formation. 

I. ZajJ/mmtis sp. undet. A single imperfect specimen of this genus is 
the only coral of the fauna. ' 

2. Leptaena rkomboidalis Wilck. This species is of frequent occur
rence in the fauna. 

3. Ortkotketes cf. O. inflatus W. & W. A species similar to O. inflatus, 
but much flatter, is rather common in the fauna. The same shell is 
associated with O. in flatus in oolitic bed No. 6 of the Burlington 
section. 

4. Cko1utes sp. undet. A large species frequently having a width of 
more than twenty mm is not uncommon in the fauna. It resembles 
C. illinoisensis W orthern, but is much larger and should perhaps be 
identified as C. skumardianus DeKon. 

S. Ckonetes logani N. & P.? A species having the general form of 
C. Logani is not uncommon in the fauna, but the preservation is not 
such as to exhibit the characteristic surface markings of that species. 

6. Productus arcuatus Hall. This species is particularly abundant in 
the oolite bed at Burlington, and the Pierson limestone specimens 
are of the typical form. 

7. Productus burlingtonensis Hall. Specimens of this species indis
tinguishable from those in Burlington limestone, occur in the Pier
son limestone. 

8, Productus laevicostus White. This species makes its first appear
ance in the Chonopectus sandstone of the Burlington section, and 
ranges up into the base of the Burlington limestone. 

9. Productus punctatus Martin. Specimens of this species are not 
uncommon in the Pierson limestone. In the Burlington section it 
makes its first appearance in bed NO.7, the topmost bed of the 
Kinderhook at that locality. 
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10. Sclzizopllon'a swallovi Hall. Specimens of this species identical 
with those in the Burlington limestone are present in this fauna. 

I I. Rllipidomella burlingtonensis Hall. Individuals of this species 
from the Pierson limestone resemble those from the Northview 
sandstone, and are more nearly like typical representatives of the 
species from the Burlington limestone than are the Sac limestone 
specimens. 

12. CamarojJlloria sp. undet. This species is of the general form of 
C. cajJut-testudinis White, the types of which are from the base of the 
Burlington limestone, and bed No 7 of the Kinderhook at Burling
ton. The Pierson limestone species, however, differs from C. cajJul
testudini's in being a much smaller and flatter shell. 

13. Rllynclloneila cooperenst's Shum. This species was originally 
described from the Chouteau limestone of Cooper county, Missouri. 

14. A '"yn's lamellosa Lev. This is one of the commonest species of 
the funa, and specimens from the Pierson limestone are indistin
guishable from those in the Burlington limestone. 

IS. Spiri/er marionenst's Shum. This is the same species that occurs in 
the Northview sandstone. It is one of the commonest members of 
the Pierson limestone fauna and also of the oolitic limestone fauna 
at Burlington. 

16. SpinJer latior Swall.? The specimens identified as this species 
are not different from those in the fauna of the Sac limestone. 

17. SjJinJer jJeculiaris Shum. The Pierson limestone representatives 
of this species are not unlike those from the Sac limestone. 

18. Spiri/er gn'mesi Hall. This Burlington limestone species is repre
sented by typical individuals in the Pierson limestone. 

19. SjJiri/er sp. undet. This species has the high area of Syringothyris. 
but lacks the syrinx, and is apparently not punctate. 

20. Reticularia cooperensis Swall. This species rarely occurs in the 
fauna. It is a common form in the typical Chouteau limestone and 
also occurs in the upper" yellow sandstone" at Burlington. 

21. Dieiamra sp. undet. These specimens have the general form and 
size of those recorded from the Sac limestone, but usually have 
more conspicuous lines of growth. 

22. Macrodon sp. undet. A single imperfect specimen of this genus is 
the only pelecypod recognized in the fauna. 

23. Or'"oceras !;p. undet. Fragmentary specimens of a species of 
Orthoceras are not uncommon in the fauna. 

In the Pierson limestone fauna we find a disappearance of 
the pelecypod element which is so charact'eristic of the North
view sandstone, and a return of the brachiopods. Some of these 
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brachiopods are common to the Sac limestone, but there are 
introduced several species, such as Spiriftr grimesi, Productus 
burlingtonensis, Productus punctatus, and Athyris lamellosus (which 
was also present in the North'view sandstone), which pass upward 
and connect the fauna with that of the Burlington limestone 
above. 

Conclusions.-A critical examination of the Kinderhook 
faunas of southwestern Missouri, shows that the entire series of 
strata in that region referable to this division of the Mississipian 
series are to be correlated with the upper division of the Kinder
hook, or the Chouteau limestone of central Missouri. This 
Chouteau fauna is not one uniform fauna throughout, but 
exhibits at least two rather well-defined facies, one brachiopod 
fancies generally characteristic of the limestones and another 
pelecypod facies characteristic of the more clastic sediments. 
In Greene county, Missouri, the brachiopod facies is present in 
the Sac limestone and the Pierson I"imestone, while the pelecypod 
facies is present in the Northview sandstone. 

In the Burlington section, ~eds 5, 6, and 7 are apparently to 
be correlated with the Greene county formations, and in the 
faunas of these three beds the same brachiopod and pelecypod 
facies are exhibited, but in a different order, the pelecypod facies 
occupying bed 5, and the brachiopod facies beds 6 and 7. 

In central Missouri, the region of the typical Chouteau lime
stone, opportunity has not been offered to study these faunas in 
situ. Among the material received from that region, however, 
the same two faunal facies may be recognized, though it is 
impossible to work out their interrelations without careful field 

. investigation. 
These two faunal facies apparently lived contemporaneously 

throughout the area covered by the upper Kinderhook sea, each 
one occupying those portions of the region where the local con
ditions were best adapted to its development, shifting about with 
local changes in the environment, and each one going on with 
its developmental changes with the progress of time. The faunas 
of the Northview sandstone and of bed No. 5 at Burlington, 
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have so much in common that they may be considered as 
representatives of a single fauna, yet they may not have been and 
probably were not strictly contemporaneous. They simply indi
cate that at some stage during the limited time period in which 
they both belong, there were present in each of these widely 
separated regions, conditions suitable for the existence of the 
same general assemblage of species. 

The Chonopectus fauna, which underlies these faunas in the 
Burlington section, is not represented in southwestern Missouri; 
neither is the typical Louisiana limestone fauna present in the 
region. 

STUART WELLER. 

THE UNIVERSITY OF CHICAGO. 
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PROBLEM OF THE MONTICULIPOROIDEA. II 

CRYPTOSTOMATA 

CRYPTOSTOMATA are quite generally classed as Bryozoa, but 
their reference as such can still be treated as doubtful. They 
occupy, in fact, a central position in the disputed field of Paleozoic 
tabulate fossils. They are quite inseparable from Trepostomata 
which are most often classed as Crelenterata. To prove them 
undoubtedly Bryozoa is to prove Trepostomata such also. To 
fail in that proof permits the latter to be classed as Tabulata, 
true Crelenterata, and the Cryptostomata should then be carried 
with them. 

Four similar groups of tabulate corals and bryozoons appear 
for their first geologic occurrence in the Ordovician (Lower 
Silurian). The Tabulata, or Alcyonarian corals, are there repre
sented by a few but typical species, the Trepostomata are locally 
in great numbers, and with them are many Cryptostomata and 
a few Cyclostomata, the last being true Bryozoa. To the top 
of the Paleozoic these four groups remain associated, but there 
the Cryptostomata become extinct. Only in middle Mesozoic 
the fifth group, comprising the Chilostomata to whi€h most living 
Bryozoa belong, appears at a time when even the Trepostomata 
have quite disappeared. The fifth and last group seems to come 
in suddenly, as did the others. Evidently the record is incomplete 
as to their origin, and the missing evidence has therefore to be 
supplied. Some Cryptostomata resemble in all ways the Tre
postomata and these the Tabulata; others somewhat nearly 
simulate the Cyclostomata; and again it has been suggested r 
that they II are nothing more than Paleozoic Chilostomata," dif
fering from these, however, in several ways. The problem 
centers about the Cryptostomata. 

Besides this interest which the problem of phylogenie rela
tionship affords to the paleontologist, the geologist finds, or can 

r See EASTMAN, Text-book of Palreontology, p. 278_ 
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find. most of them good zone markers. They are not especially 
difficult to recognize in the field, their more highly specialized 
shapes of frond and of cell pattern making them rather easier 
than Trepostomata in that respect. Their separation into species 
and arrangement in taxonomic divisions is facilitated by reliable 
macroscopic external characters as a rule. They afford also a 
great variety of neat cabinet specimens, and, in short, may be 
recommended as worthy of close acquaintance. 

The student will find a ready knowledge of the Treposto
mata a great aid to the understanding of Cryptostomata. In 
the former group one can select a simple supposed primitive 
skeletal structure, from which the others can be traced with 
increasing complexity or differentiation. The simplest Cryptos
tomata compare with the most complex Trepostomata, and, 
while serial arrangement of differentiated types can be made, 
the series appear not to begin within this group but in the Tre
postomata. It is, therefore, further convenient to begin with 
species of this group which most resemble those of the other, 
avoiding also for the present the taxonomic definitions until 
after representative fossil species have been studied. The new
est taxonomic arrangement< may conveniently be rt-ferred to, 
however, and this one divides the sub-order into eight families. 
They may well be arranged in three divisions or series: 

Bifollate Cylindrical Fenestrate 

I. Ptilodictyonidre 4. Arthrostylidre 6. Fenestellidre 
2. Rhinidictyonidre S. Rhabdomesodontidre 7. Acanthocladiidre 
3. Cystodictyonidre 8. Phylloporinidre 

The relation of the three groups will be discussed later, but any 
one might be taken first, since they are coordinate, not succes
sive, but related each to Trepostomata. 

Our knowledge of the Cryptostomata may be considered 
fairly complete, although species and perhaps a family remain 
to be discovered, while others might be eliminated. This task 
of completing the knowledge of the several species and genera, 
their fixed and variable· characters, is one worthy of attention 

I EASTMAN, op. cit., p. 278. 
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from whoever may be in favorable position to obtain the fossils. 
For the present the best literature is not to be taken as alike 
reliable on all. In extreme cases a fortuitous or abnormal 
character in specimens of a species may have been mistaken as 
grounds for a new species, and this being then peculiar may be 
set up as a new genus, and in turn it affects the family. Owing 
to the more highly specialized structures as compared to Tre
postomata, Cryptostomata are, as said, somewhat easier to learn, 
but they are more complex to study. 

For the present puqwse a few common, well-known species 
suffice. Taking the bifoliate group first: 

Packydictya joliata Ulr. (see Plate B, Figs. I, 2, 3) is a leaf
shaped zoarium about Somm wide and I to 3mm thick, with auto
cells 0.3 to 0.4mm in diameter growing from a median plane and 
opening on either side, "bifoliate." It grows at the margin, the 
erect frond broadening as it increases in height. The growth is 
not quite uniform and a lobate, undulate shape prevails. The base 
or broad stem of the frond is therefore the more mature, thicker 
part, and there the cell increase ceases first and the margin 
changes to a solid, sharp, or rounded narrow border. Growing 
margins may also appear on the face of the frond, and when 
large, arising near the stem, produce a so-called trifoliate frond. 
A basal expansion incrusted the ground, and if this was broken 
off a new one developed from above the broken edge. Any 
injury destroying part of the frond surface gave rise to a similar 
growth. 

The basal expansion grew perigene, the frond aerogene and 
so that the zoarial growth and cell increase is normally at the 
margins only. In the frond the cells arise on either side of a 
median plane, or so-called mesial plate or lamina, are directed 
at first vertically, but as younger cells arise between, above 
them, they turn laterally. Thus an immature or axial and a 
mature or peripheral region are distinguished. The mesial lamina 
is built as the extreme wall at the growing edge of the frond. 

The cells at the beginning, i. e. at the mesial lamina, are thin 
walled, with meso pores at their angles, but later they are separated 
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by mesopores, become oval and thick walled. They grow slowly 
in the peripheral region, to I or I.5 mm in length with slightly 
increasing size. They have a few thin tabulre, the first one in 
or near the axial part, the last one often at the aperture. The 
mesopores are small, numerous, closely tabulated, either distinct, 
or the tabulre of neighboring mesopores overlapping in vesicu
lose way, or again in maturer stages they fill with granulose 
schlerenchyma. Mesopore walls are nearly always reduced so 
that those between mesopores are extant only vertically in 
zoarial direction, but mesopore corners and junction of mesopore 
walls to autocell wall are always partly developed. Mesopores 
are rarely distinct at the surface, and their space appears solid 
between autocells. 

The arrangement of the cells is regular, alternating in verti
cal rows, and the surface pattern is easily used to distinguish the 
species. Maculre or solid spots of filled mesopores and filled 
cells too, are regularly distributed over the surface and next to 
these the cells are a little larger sized. No cell increase is seen 
normally in the peripheral or mature region, not even in the 
maculre. 

The best specimens only show the peristome or circular wall 
margin papillose, and the interspaces or mesopore tabulre granu
lose, or, when some walls are present, granostriate, as the 
maculre and zoarial solid border usually are also. The preserved 
edge of a growing mesial (or median) lamina, I have not seen, 
but it was probably papillose. Corresponding to these structures, 
sections show so-called vertical or median tubuli in the midst of 
the double autocell wall, similar less distinct structures in the 
schlerenchyma of filled mesopores, and large ones in the mesial 
lamina. Warts and so-called tubuli on the interspaces sometimes 
represent reduced mesopore walls. Further details, dimensions, 
etc., characterizing the species may be passed over here. 

One finds characters in Pacllydictya foliata VIr., such only as 
seen in Trepostomata also: bifoliate zoaria (e. g., Ceramopkylla) , 
occur among them also: axial and peripheral region, autocells 
and vesiculose mes0pores (Prosopora, Fistulipora), and maculre 
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differ at most in degree of accentuation. The so-called vertical 
or median tubuli and the mesial tubuli differ most, but are com
parable directly to acanthopores. Their numbers and small size 
here characterizes the species and genus, however, and unites to 
the Rhinidictyonida!. 

The question arises again as to what interpretation should be 
made of the zoarium. Apparently the same interpretation is 
necessary in Packydictya foliata as in Trepostomata. E. O. Ulrich 
holds that the successive loculi between auto cell tabula! were 
each a zorecium, and the autocell was built by successive genera
tions of polypites and as to median and mesial tubuli, that they 
were a united system of canals. One may prefer the other 
interpretation for the following reasons. In any case the 
necessary interpretation is that the skeleton or zoarium was built 
by a cortex of zooids over its surface, since the mesopores are 
outside the cells or zorecia, and must have been been built by 
super-zoarial secretion; and likewise the median tubuli which 
end not in the cells but above them. Admitting a cortex to 
have covered the zoarium. there is no explanation as to why 
successive generations instead of a single polypite should have 
built each cell, or how neighboring cells could have had, one 
four, the other three or five generations to build it. The 
so-called tubuli can be interpreted as the structural results of 
surface projections which they are really seen to be. One can 
explain the mesial lamina of the zoarium in this way, that, as 
compared to the palmate zoarium of certain Trepostomata, with 
long narrow axial surface and flat axial region. the bifoliate zoa
rium has a still more specialized, narrower axial region and the 
growth or axial edge being thus very narrow, the cortex bent 
rather than curved over it, the cell walls coinciding with the line 
of flexure coming to lie nearly in one plane, and to be more or 
less thickened. The mesial lamina is at the axial growth center, 
not as a germinal .layer but a wall. The cell increase having 
ceased at full maturity at any part, the margin ceased to extend 
rapidly and a filled cell or "nonporiferous .. margin formed. 

Species of Packydictya, e. g., P. OCltta Hall, might be described 

Digitized by Google 



PROBLEM OF THE MONTICULIPOROIDEA ISS 

intermediate to P. foliata and Rhillidictya, but one of this genus 
may suffice. 

Rhinidictya mutabilis Ulr., is bifoliate, with autocells O.2mm 

or less in diameter (Plate B, Figs. 4, 5, and 6). It begins 
apparently as a small thin vertical blade I or 2 mm wide, with a 
small basal expansion. It grows in height rapidly, increasing 
more or less in apical width and branching to the length of 200mm 

or less. As the zoarium enlarges, its basal expansion widens 
slowly, the cell apertures filling solid. The base or oldest part of 
the stalk becomes thick, more or less cylindrical, and solid sur
faced. The zoarial branches thicken slowly, having ceased cell 
increase and built solid narrow margins, the ends either mean
while growing by cell increase or having finally ceased likewise. 
Furthur development consists only in thickening of zoarial 
parts. 

Cell increase and greatest zoarial growth takes place only at 
the apices of the frond and margin of the basal expansion, as in 
Pachydictya. The width of any branch or part depends mainly 
on the relative growth vigor at the apex in the building of that 
part. The thickness depends a little on vigor of axial growth 
but mainly upon age and cell lengthening. At the same time 
the solid margin extends, so that some width is added to that of 
the first growth. The initial parts appear to have been small, 
narrow, dichotomously branching. Some individuals dwarfed 
or matured at this stage. Others grew long branches, 2 to smm 

wide, dichotomous or palmate digitate. Just below the forks 
the zoarium is widest, and there a macula appears on medium 
width branches or a row of macula! continue down the middle 
on wider ones, or two to four rows on palmate parts. 

The cells alternate in vertical rows. They are somewhat 
smaller in the initial than in the later zoarial growth stages, but 
as a rule the widths of the zoarium correspond to numbers of 
cells and cell rows. Increased number of rows is less by inter
calation than by marginal addition at the side of the growing 
apex, and decrease is by reduction at the margin. Sometimes 
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a branch widened and narrowed repeatedly, but they usually 
grew uniformly for a great length. Branches are twisted, helio
tropic. 

This highly developed zoarium has equally modified cells. 
As in Packydictya there is a mesial lamina or wall and the thin
walled, prostrate, short, axial parts of cells are in single series on 
either side, without mesopores, rectangular, or in part drawn out 
obliquely toward the zoarial margin. The peripheral cell part 
is sharply defined, both by obliquely outward direction and by a 
thick complex wall between autocell openings, which are thus a 
diameter or more apart. This wall comprises the cell walls 
which appear thin, and between them a mesopore space. In 
transverse and longitudinal thin sections one may see a tabulated 
mesopore followed by filled meso pore space, to which the cell 
walls are amalgamated on either side. What is most novel is a 
strong dark line or wall dividing the meso pore space. On the 
surface the mesopore space is elevated, rarely depressed, and the 
cell aperture rows are in furrows, separated by strong continuous 
longitudinal papillose ridges, and the apertures in each row by 
lower short transverse ones. The ridge may be double or again 
discontinuous, exceptionally. The ridges are the structural 
cause of the dark line or wall seen within the filled mesopore 
space. Maculre have closer parallel ridges, and the zoarial 
solid margins may appear puncto-striate. 

This structural development appears due to the chaining 
of zooids longitudinally, probably by a canal system which 
impressed the longitudinal furrows or troughs, causing the 
mesopore space to be relatively raised. These furrows end at 
the growing apices of the zoarium, where cells, respectively 
zooids, were increasing rapidly. As the growing apices became 
morc remote from a given part or ceased, the furrows filled 
gradually, and a more allsided relation arose between the 
cells. 

No meso pore calycals have been detected and the mesopore 
space being confluent with the cell calycals, and so far subordi
nated and fused to the autocell walls, one might conclude that 
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the corresponding zooids or other structure was reduced to vir 
tually an interautozooidal cortex. Comparison with Pachydietya, 
however, shows the ridges, and corresponding internal structures 
to be mcsopore walls in origin. The so-called tubuli seen in thin 
section, corresponding to surface papilla!, are then modifications 
of mesopore walls. The auto cell walls proper have none. The 
so-called mesial tubuli are present.. The autocell may have one 
or two tabula! in the peripheral region, and at the upper angle, 
between the axial and peripheral cell, a small hemiseptum may 
appear. 

Similar species to the above described as to frond, compose 
the genus Stietoporella, one of which is peculiar and further 
instructive: 

Stictoporella eribrosa VIr.' is bifoliate with branches about 2mm 

in width, which bifurcate and anastimose rapidly, growing thus 
to a large broad frond with numerous oval so-called fenestrules 
(Plate B, Figs. 7, 8, and 9). The zoarial growth from cell increase 
is at the branch ends, the margins of the branches, i. e., around 
the fenestrules very quickly becoming static as to cell increase, 
although with age the thickening from cell lengthening extends 
them, constricting or even closing the fenestrules. 

Normally the downward end of the initial branch is pointed 
with striated solid beveled surface, which is supposed to have 
articulated into the crater-like socket of a striated non-cellulif
erous basal expansion, forming a movable joint. The wide
spreading zoarial branches coalesce with other zoaria of the same 
and different species so freely that this joint must have been 
usually immovable. When part of the zoarium died out, it was 
regrown by a laminar cell growth, or again fragments of a 
zoarium grew a new one, in which case a basal expansion unlike 
the first was developed, or again the fragment became the basal 
to a lateral fenestrated sporadic growth. 

Cell increase is at the growing margin from a mesial plane, 
as in Paehydietya, but the prostrate thin-walled part of the cell 
is long, overlapping, so that in transverse section the axial 

I This appears to be the Clalltropora ./laodlala Hall ! 
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region is four instead of two cells thick. As the cells turn into 
the peripheral region the walls thicken and distinct mesopores 
intercalate. The autocell has a saucer-shaped calycal at the sur
face and at its center a narrow cell-opening. The small cells or 
mesopores are either similar, especially in young fronds, or again 
have the cell opening and even the calycal filled solid, in which 
case the autocell calycals al~o become ill-defined, and the sur
face feature is that of small cell openings and broad rounded 
interspaces. This condition is the maturer stage. The meso
pores are either few and the autocells subquadrangular or polyg
onal, or again meso pores are very numerous and autocells 
rounded. Large or small groups of meso pores forming maculre 
occur in broader parts of the branches, and the o.Smm wide 
border has mesopores only. A constricted, closed fenestrule 
simulates therefore a macula. 

The mesopores frequently differ in size and some of them 
appear to become autocells, peripheral cell increase thus exist
ing, although necessarily to a limited degree, since the peripheral 
cells' length is only about equal their diameter. 

Thin sections reveal no tabulre in either autocell or meso-. 
pore. The thic.k walls are dense with a striping parallel to the 
surface calycal bottoms, i. e., converging upwards to median wall. 
The m,esopore openings are seen to constrict and close while 
their calycals fill, and then the increments of growth or striping 
cross them continuously, direct, or arched upward instead of 
downward across the mesopore .space. In this case the amalga
mation may be so co.mplete that the appearance is that of one 
wall between autocell openings. This filling of the mesopore 
space contrasts with that of Packydictya in that it is by laterally 
thickened vertical walls instead of by vertically thickened trans
verse tabul<:e. Notably the results are very similar in the end. 

In closed mesopore stage the zoarial margins become solid, 
smo~th, or striated, and in the very few zoarial basal stalks seen 
the autocells also are filled on the surface above the beveled 
zoarial.articulation. Ulrich describes moreover certain closing 
apercula over cell apertures at the bottoms of calycals, but their 
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occurrence is sporadic, probably incidental to dying off of the 
zooids, since these structures never occur within the cell opening 
as tabulce, which they should if the zooids survived their forma
tion. This species has no warts upon the walls and no " tubuli." 

Ptilodictya (Esckaropora) subrecta Utr. is a simple bifoliate 
frond, or if divided the branches do not diverge. The zoarium 
is sword-shaped or feather-shaped, the point or lower end artic
ulating to a crateriform, striated basal expansion. Specimens vary 
from 10 to 50mm long, I to IOmm wide, and 0.5 to I.5 mm thick. 
In fossils the basal expansion is separate from the frond, and 
when living they could have united by a corneous interval or 
the cortex alone. The frond began evidently very narrow and 
grew by axial, apical cell increase, the growing end widening, 
more or less and again narrowing somewhat, according to growtli 
vigor. Marginal cell increase near, but below the apex also 
occurred in some, but the older parts have a solid margin. The 
cells have rather short prostrate thin-walled axial part and turn 
more or less sharply into the peripheral direction, the walls here 
thickening quickly. The cells are arranged, alternating in ver
tical rows (Plate B, Fig IO). They are at first quadrangular, but 
before reaching the peripheral region become hexagonal. Here 
the solid interspace, or wall, thickens, so that oval or sub
quadrate apertures remain, these being at the bottom of 
calycals which are confluent in longitudinal rows, or oblique 
rows in case of the cells that were aQded marginally. Sinuous, 
long ridges bound the cell rows (see figure). In later growth thick
ening, these ridges meet alternatingly at the sinuosities bounding 
rhombic calycals and finally change to continuous peripheries, 
the cell apertures becoming meanwhile somewhat larger, subhex
agonal, except in the oldest zoarial part or stem where the fur
rows remain. 

Thin sections show the cell walls completely amalgamated, 
the sinuous longitudinal ridges alone being evident. No tabulce 
are seen, except one or two hemisepta. But the exterior of 
zoaria exceptionally show a few mesopore apertures, these being 
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in place of the furrows or again at the summit of monticules. 
The zoarium, if broad, is usually thickest medially, this part 
t ne, two, or th monticules 
t n part alone a nued in the s 
is thickened indrical form 
e beveled stria on area. Th 
ti supposedly th p sion grew pa 
the frond. In old specimens the stalk next to the articulation 
is solid surfaced, cell apertures having all closed over, except 
as to the confluent calycals or furrows. 

Interpretation of this form from comparison with those 
d ld include in ce the sugg 
a h are evident by complete 
n res, these bei ident, but re 
r filled condi ick amalgam 
T e of the auto is explicable 
the impress of a canal system which was developed strongest 
in vertical direction during cell increase at the apex; later an 
all-sided relation between zooids arising, except at the stem, 
where the basal expansion united. The articulation to the basal 
expansion shows the zoarium to have been in part non-cal-
c in, since no n "tubuli" a 
t of all autoce n the stem 
c d by the zooi to the caly 
g r of develop als argues the 

epta require .spe a mention. They ave een 
said to have "doubtless served as supports for the movable 
operculum." 1 The said movable operculum is, however, 
unknown, and the word" doubtless" is unwarrantable. In fact, 
the hemisepta occur in some species beneath complete tabula!. 
a cases they w from the ap 
P tabulre interv interpretatio 
a ake of argu emisepta oc 
t nd one at th he terminati 
p xial cell, thei quiring no e 

1 Vide Text-Book of Palreontology, by C. R. EASTMAN, Vol. I, p. 279, 1. 4. 
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except reference to some unknown particular cause if considered 
as accessory opercular processes. I shall add another hypoth
esis, viz., that they are reduced structures homologous with 
regular tabula! similarly situated in other species, e. g., Packydictya 
foliata VIr. Their position may be-accounted for as related to 
the sharp turning of the zo~id and its cell from axial to 
peripheral direction, and thus may be taken as evidence that 
the zooid evacuated the cell as it built. (See text Fig. 2, A, 
p. 169.) 

Some smaller closely related species (Arlkropora) are many
jointed, partly simulating, therefore, the following one. Very 
probably some cylindrical forms like this one should be consid
ered as to origin as narrow bifoliate, and hence having become 
rounded. 

Artkroclema annatum VIr. consists of numerous small cellu
liferous jointed segments which formed a branched zoarium. 
Numerous primary segments form the main stem, from which 
lateral branches arise, these being composed of many secondary 
segments and bearing likewise lateral branches of tertiary 
segments. These hundreds of segments are each about 3mm 

long, subcylindrical with generally six or five or four rows 
of cell apertures, six to ten apertures in a row. The primary 
segments are I mm or less in diameter, the others 0.5 and 0.3mm 

or less. 
Each primary segment has a small axial region in which the 

cells are prostrate, thin-walled, and angular, and a peripheral 
region which is thickened according to age. The small, rounded 
cell apertures are separated by solid, longitudinally furrowed 
interspace and a large prominence behind each aperture. Some 
of the apertures are closed by constriction near the articulation 
areas. The ends or articulation surfaces are solid-faced, respect
ively concave and convex, and the lateral articular socket, when 
present on a segment, is impressed in the peripheral solid wall. 
Thin section shows the walls thoroughly amalgamated, the 
peripheral region merely having striation parallel to the surface. 
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Secondary and tertiary segments are similar to primary ones 
partly developed. 

A related genus, Ar/krostylus, has the segments with four sides, 
one of which is without cell apertures but striated. 

Rkombopora lepidendroides Meek. is strictly a cylindrical type. 
A small, thin basal expansion supports a long, branching, cylin
drical stem about 2mm in diameter. There is a central thin-walled 
axial region in which the polygonal cells may have one tabula, 
and there is a narrow, thick-walled peripheral region with narrow 
cell openings without tabula!. The surface shows oval cell aper
tures at the center of calycals, these being arranged in transverse, 
vertical, and oblique rows, their margins being more or less in 
contact. The elevated interspace has rows of small warts, which 
divide the zoarial surface somewhat into rhombs, including each 
a calycal. Usually a second larger set of warts or acanthopores 
are situated at the junction of the rows. The internal wall 
structure corresponds, i. e., the thin, dense walls of the axial 
region change quickly to thick in the peripheral region, with 
striation parallel to the calycal, interspace, and wart surfaces. 

There is no distinct evidence of mesopores, but a simulation 
of macula! and other characters in common with the forms of 
Trepostomata, genera Ba/os/omella, Eridotrypa Ba/os/oma, which 
they approach more closely than to other than cylindrical Crypto
stomata, would indicate that the interspaces are mesopores rather 
than thickened autocell walls alone. 

Pkyllopanna corlicosa Vlr. belongs to the reticulate series, and 
has a reticulate frond and solid basal expansion (Plate B, Figs. 1 1 

and 12). The frond is composed of so-called branches 0.5 to I 

or 2mm wide, which anastimose laterally at somewhat regular 
intervals, producing elongate fenestrules. Each branch has cells 
on the obverse side, but none on the solid, smooth or striated 
reverse side. Thin sections show that the cells arise mesially, 
have a long, thin-walled, tabulated prostrate portion, then become 
more closely tabulated as they turn slowly into the peripheral 
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region. The axial cells overlap so as to be three or more deep 
in transverse section. The peripheral region is characterized by 
filled inters paces or mesopores which more or less completely 
separate the cells, the cell margins rising a little above the inter
space at the surface. Zoarial growth as to cell increase took 
place only axially, i. e., at the branch ends. The peripheral 
growth comprised thickening of the branches with cell lengthen
ing on the obverse side and with about equally as thick, solid or 
rarely vesiculose increment on the reverse side, thus proving the 
branch to have been surrounded by a secreting cortex. Young 
branches usually have on the obverse a median keel, the edge of 
a wall or walls extending from the mesial line, and this E. O. 
Ulrich compares to the longitudinal ridges dividing cell rows in 
Rkinidictya. It bears a fewacanthopores. An obtuse keel on 
the reverse produces no internal wall distinction. With age the 
keels disappear from the then rounded or flattened obverse and 
reverse sides, and the fenestrules constrict, even closing some of 
them. Branches are 1 to 2mm thick. 

The cell apertures are arranged in one or two rows on each 
side of the median keel, or a few more at inosculations. 

The basal expansion is the key to the better understanding 
of this zoarium. To the description of it as "an expanded base," 
the following is added from specimens at hand: Basal expansion 
thin, incrusting, about 2 or 3cm in diameter, the marginal or 
younger part bearing stellate monticules like those of Stellipora 
(Constellaria) , i. e., a central depressed macula with six to twelve 
rays, between which are as many sloping ridges of autocells. 
These monticules or stars are about 3mm in diam~ter. The rest 
of the expansion is crowded with young stars between larger 
older ones of various sizes. It appears that the stars increase in 
size by addition of a few ridges, all of the ridges elevating rap
idly at their proximate ends. When about I mm high they begin 
to anastimose, and they continue to grow and elongate upward, 
anastimosing and branching, whence arises the reticulate funnel
shaped frond, with cell apertures turned to the outside and a 
solid, striate surface on the inner side; the obverse side of the 
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branches arising from the celluliferous ridges of the monticule, 
the reverse solid surface continuing from the central macula, 
which has become solid or coarsely vesiculose, succeeding dis
tinct mesopores, and forms the bottom of the· funnel. The 
median keel of the obverse side is, again, the continuation of 
that of the ridge in the monticule stage, the same as appears in 
the ridges of stars on SteIJipora. The arrangement of the cells 
on the branches originated likewise in that of the stars. The 
basal expansion bears one largest frond, two to five smaller ones, 
and several monticules of various degrees. The internal struc
ture of the basal is more similar to Stellipora than to that of the 
frond or reticulate part of Pkylloporina .. 

The grown funnels must have crowded each other, and in fact 
fossils evince irregular shape in their later stages. Some evi
dently met accident, since specimens occur in which a new 
growth arises from the broken edge of an older piece and in a 
new direction. Also, a secondary basal lamina may develop 
from the poriferous side of a fragment, bearing new somewhat 
regular stars or monticules. A fragment may convert itself into 
a single large monticule or new basal, and other variations 
occur. 

The long cells with many tabula! in Pkylloporina are remark
ably like those of Trepostomata. The basal expansion like a 
Stellipora and the development of the reticulate funnels from 
monticules suggests relationship with Trepostomata and not with 
bifoliate Cryptostomata. There is not then any relation between 
the Stictoporella cribrosa type of anastimosing branches and the 
similarly anastimosing parts of Pkylloporina, which might better 
be called bars than branches to distinguish them. 

Other truly reticulate forms probably derived from Pkyllopo
rina as E. O. Ulrich suggests.' 

Septopora biserialis (Swal.) has branches or bars 0.8 to 
0.3mm wide, dividing laterally, and united at intervals by trans
verse processes called dissepiments, rather than anastimosing, 

I EASTMAN, op. cit., p. 281. 
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the whole forming a fenestrated frond with primary branches or 
bars arising from an irregular basal attachment, and from these 
a little narrower, parallel to slightly radiating ones. The fenes
trules are rather wider than the bars; ten bars occur in 1cm • 

They have celluliferous obverse side and solid reverse, the latter 
on the outer or under side of the zoarium and forming the basal 
expansion and sometimes rootlike anchors at intervals above it. 
From the base a more or less funnel-shaped stalk supports the 
large frond on one side. 

The cell apertures are about 0.1 3mm in diameter and on the 
bars are arranged in two rows, separated by a thin median ridge 
which bears more or less prominent small warts or acantho-
pores. The dissepiments have distributed cell apertures only. 

The internal structure seen by thin sections consists of short 
prostrate thin-walled axial cells arising mesially, turning sharply 
into the peripheral region where they become surrounded by 
interstitial solid deposit. Thus the cells have the appearance of 
being thin walled "enclosed in a calcareous crust," since the 
mesopore spaces on the obverse and the equally thick solid 
deposit on the reverse, surround the cells. There is a median 
wall or structure corresponding to the median ridge. The 
reverse is longitudinally striated at first, later nearly smooth, and 
its internal structure corresponds thereto. Further, it has been 
claimed that the solid deposit on the obverse and reverse had 
small vertical pores ending in minute warts at the surface, but 
that the dim structures so interpreted were open tubes may well 
be doubted. Another feature, the so-called dimorphic pores 
(cells), arise in the solid deposit of the reverse and obverse, are 
somewhat smaller than the regular cells but at the surface end 
with slightly elevated peristome like these. They are not to be 
wondered at, since they arise in what is homologous to mesopore 
space in, for example Stellipora or Stictoporella, and may be taken 
as evidence that peripheral cell increase had not wholly disap
peared. The cells have no tabul<e, but sometimes a hemi
septum. 

The dissepiments in this zoarium are comparable both to 
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drawn out inosculations from which they may have arisen and 
to side branches to which they are tending. The relation of 
obverse and reverse of the frond is a little strange, since they are 
reversed as compared to Pkylloporina, the basal expansion also 
being unlike in that genus; differences which I cannot explain, 
but yet are of small import since closely related genera as Fen
estella and Semicosmium differ in just that way. I feel not 
assured that the primary basal expansion is known except in 
Pkyltopornia corticosa Ulr. 

DISCUSSION OF CRYPTOSTOMATA. 

These described species may suffice to represent the Cryp
tostomata. The species of Packydictya and Rkinidictya are 
of the Rhinidictyonida!; Stictoporella and Ptilodictya of the 
Ptilodictyonida!; nothing especially different is seen in the Cys
todictyonida! except sometimes a lunarium like that in the 
Trepostomata; Rkombopora is of the Rhabdomesodontida!; Artkro
clema of Arthrostylida!; Pkylloporina of Phylloporinidre; Sep
topora of Acanthocladiida!; and the Fenestellida! are merely 
distinguished from the latter by having dissepiments withcut cell 
apertures on them. In these all, and those which they are taken 
to represent, the growth is acrogene and cell increase is almost 
all axial. Axial and peripheral regions are sharply defined, cells 
short, and mesopores filled more or less solid. 

The Cryptostomata differ in degree of specialization of 
structures rather than in kind from the Trepostomata. In fact, 
they are arbitrarily divided in all respects. The defined axial 
and peripheral regions of zoarium appearing to arise in Treposto
mata are merely as strongly to stronger developed in Crypto
stomata. So also are the long, tabulated cells changing to 
shorter, with or without tabula! and so-called hemiphrams or 
hemisepta. Peripheral cell increase is only reduced to nearer 
the minimum. The mesopores begun apparently as young cells 
in Trepostomata and developing to subordinate special struc
tures or vesiculose to solid interstitial filling, are vesiculose to 
solid in Cryptostomata. Monticules ranging to the extreme 
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from called macula:: in the former are represented by macula:: in 
the latter. Indeed, sharply defined peripheral region, short 
cells, reduction of tabula::, hemiphrams, filled vesiculose or solid 
mesopores, and solid macula::, so-called acanthopores, and 
mesial lamina, lunarium, etc., are found in highly specialized 
Trepostomata of the Fistuliporoid type. 

There is no character in Cryptostomata that distinguishes 
them all from Trepostomata. The former comprises essentially 
certain families of highly modified zoaria related to Fistuliporida:: 
of Trepostomata. They are not a single branch from these, but 
three or more, as seen when examples like Packydictya, RkomOo, 
pora, and Pkylloporina are compared. The genera named are the 
CryptostOmata, which are scarcely separable, if at all, from 
Trepostomata, but are not related one to the other as closely as 
to Trepostomata. They compare back to Cramopkylla, Eridotrypa 
and Steltipora respectively, which belong to three different recog
nized families of Trepostomata. They belong to more than 
distinct families, to three divisions of Cryptostomata, the frondif
erous, cylindrical, and reticulate respectively. The highest 
'differentiated Cryptostomata, also, for example, Plilodictya and 
Fenestelta unite to not the same Trepostomata-like Cryptosto
mata. The question should be rather on the propriety of divid
ing the Monticuliporoidea at all than on the probability of 
Cryptostomata and Trepostomata belonging to different phyla. 

As to the interpretation of the zoarium of Cryptostomata, 
the entire skeleton, excepting the under side of the basal expan
sion, was covered by some kind of cortex uniting the zooids, as 
proved by deposits of superimposed lamina:: in intercellular 
spaces, on solid margins, and on the reverse surfaces. The 
zooids built and evacuated the cells, resting more upon than in 
them at maturity, as proved by tabula:: close to the aperture, by 
closed-up autocells, as in the s~em of bifoliate zoaria, and by 
the building of skeleton exclusively at its outer surface. Subor
dinated zooids, in some degree of development, were always 
present, since meso pore spaces, distinct or filled, are always 
present in the peripheral region. Solid macula::, solid zoarial 
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margins, and solid obverse of reticulate ones are mesopore areas 
being seen sometimes as such (e.g., Stictoporella, Pkylwporina pars, 
Semicosmium), and are probably all really macul:e covered by 
subordinated zooids, or at least a cortex. Longitudinal median 
ridges and walls arise variously. Again, in jointed forms 
(Ptilodictya, Arlkropora, et al.) part of the skeleton was not cal
careous. These show reduction from the entirely calcified 
zoarlum, and also the filling up of D1esopores and some auto cells 
might be readily interpreted as due to leveling down of division 
walls between zooids: a process of reducing thin-walled cell mass 
to a solid axis within a living cortex. • 

A quite different interpretation from that just given is 
expressed in the current definitions of Cryptostomata. Vine I 
defined them, "Zorecia tubular, subtubular, in section slightly 
angular. Orifice of cell surrounded by vestibule, concealed." 
He does not speak of tabul:e, mesopores, acanthopores, etc., and 
only later knowledge, especially by E. O. Ulrich, has changed 
the definition, adding to vestibule, "which may be intersected by 
straight diaphrams or hemisepta owing to superimposition of 
layers of polypides," "surrounded by vesicular tissue or solid 
calcareous deposit." Vine, having in mind such as Septopora and 
Ptilodictya without tabul:e, seems to consider the cell as a per
manently occupied zorecium; Ulrich includes the richly tabu
lated Packydictya, Pkylloporina, etc., and speaks therefore of 
superimposition of polypides or zorecia. More direct inter
pretation would indicate each cell to have been gradually 
built and evacuated by one zooid, as argued in the preceding 
pages. For corresponding explanation of hemisepta see text, 
p. 16I. 

The separation of Cryptostomata from Trepostomata is 
scarcely tenable, and they may be discussed together. The 
zoarium of Cryptostomata is merely the more differentiated, the 
simplest Trepostomata and the typical Cryptostomata being 
extremes in the same line. This developmental series might 
well be compared to the reduction of thin-celled Tabulate corals 

, Brit. Assn. Rep .• 1883. p. 184. 
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to a solid axis,' details of which may be omitted here, since 
there is no character in Cryptostom:lta as also in Trepostomata 
negative to supposed relation of Monticuliporoidea to Tabulate 
corals as already discussed, unless, as said, their relation to 
Bryozoa can be proved. 

In comparing to Cylostomata to which Cryptostomata have 
been sometimes referred, Stomatapora and Berenicea come first 
into consideration. Vine referred them to Cryptostomata in 

JJ~ • • • 
A C D 

AFFINITIES OF MONTICULIPOROIDEA. 

FIG. 2. Diagrams showing: A. Interpreted origin of inferior and superior 
hemiseptum. a, axial cell stage; IJ, turning stage; c, peripheral stage, hemisepta 
remaining at points where the relation of zooid and its cell changed most. B. Pro
/Joscina ",inn~solmsis Ulr., transverse section. X 40. C. Relation of zooids of 
Bryozoa to their cells, for comparison with D, the interpreted relation in Cryptosto· 
mata. a, tabulated cell as in Pac/,ydictya.. IJ, cell with hemisepta as in Plilodictya " 
c, cell closed by wall-thickening as in same. 

fact. These genera comprise essentially the Paleozoic Cyclosto
mata, and range from Ordovician to Recent times. Stomatopora 
(e. C., S. inJlata H.) forms branching single series of club-shaped 
prostrate free cells, each arising from under the anterior, larger 
end of the preceding one, and having a small circular aperture 
on the anterior upper side. Its walls are said to be minutely 
porous if well preserved. Stomatopora is not comparable to any 
of the Monticuliporoidea, but is a key to species called Probo
scina or Berenicea. 

Proboscina minnesotellsis (Vir.) forms two, three, or more series 
of prostrate cells, each arising from under the anterior of the 
preceding cell of its series. The anterior end is drawn out 
upwards, making a vestibule, as it is called, bearing the round 
aperture. The cells appear superficially as immersed in a band 
of stereom, but thin sections show only compacted, thin-walled 

• PachyjJora, Cora/liu"" etc., see Neues Jarb., Beilb. X, p. 306-312. 
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cells (text Fig. 2, B), the alternating apertural ends being rounded, 
the other cells at that point being appressed, angular. The 
walls are poorly preserved as compared to fossil brachiopods 
and corals upon which they have grown, but very probably the 
basal side of the cell only was porous. Sometimes the bands or 
branches become very wide, thus approaching nearly Berenicea 
proper, in which perigene growth, like that of incrusting 
monticuliporoids is simulated. Since Stomatopora and Berenicea 
include also Recent species, their position as Bryozoa is estab
lished. The serial relation of other Cyclostomata and the rather 
similar zoaria of Chilostomata are further well shown in hand
books, and will not be discussed here. 

In comparing Bermicea, including Proboscina, one at once 
notes that there are no tabu Ire, no monticules or maculre, no 
meso pores, no thick walled region, that the apertural vestibules 
are free and cell walls perforate. Monticuliporoid cells have 
imperforate walls. Further, all monomorphic monticuliporoids 
are again different, having without exception apertures of cells 
crowded together. Dimorphic forms with tabu Ire are also to be 
excluded, while dimorphic, short celled, non-tabulate forms may 
be admitted to closer comparison. In fact, such as Protocrasina 
(Eastman, op. cit., p. 262, Fig. 417) appears to be, might be bryo
zoon or monticuliporoid as to its outward aspect, the nature of 
its walls as poriferous, thin, or dense, thick, being the determining 
difference. But the comparison requires the Cyclostoma~a to 
be viewed as derived from highest specialized Monticuliporoidea, 
the dense autocell walls of these to be explained as having 
become porous in Berenicea, et. at., and the thick, solid mesopore 
spaces reduced to a minimum, and thus at once a weak chain of 
hypotheses or an arbitrary definition is required to unite the 
nearest Bryozoon, Berenicea, to Monticuliporoidea. 

Other Cyclostomata differing from Berenicea in changing the 
prostrate growth into bifoliate, acrogene, or massive form, and 
the cell apertures and vestibules from free to more or less in 
contact as in Osculipora, AspclIdisia, etc. (Eastman, op. cit., pp. 
264-265), resemble thereby such monticuliporoids as Stettipora, 

Digitized by Google 



PROBLE,'J,f OF THE MONTICULIPOROIDEA I7I 

Septopora, etc., but only superficially. The Cerioporidc:e (op. cit., 
p. 266) most resembling Trepostomata have porous walls and 
are in the second place not well determined. If viewed as 
derived from Trepostomata the walls being assumed as having 
become porous-an admissible hypothesis -this hypothesis 
requires a reverse view of the evolution of Cyclostomata from 
the first one, i. e., that the long tabulated cell, not the short open 
one, is the more primitive in Bryozoa. 

The same differences disunite Chilostomata as. Cyclostomata 
from the Monticuliporoidea, where also their outward ·appearance 
is similar, as for example Retopora (op. cit., p. 289) and Septopora. 

The greatest importance rests on the interpretation of the 
zooid's position with reference to the cell. In Bryozoa the 
zooid inhabits closely the cell. In order to refer Monticuli
poroidea to Bryozoa it appears essential that the zooid be con
sidered as occupying the cell and Vine has so interpreted in his 
definition of Cryptostomata, as said. In cells without tabulc:e of 
some species the interpretation might appear .logical (e. K., Ptilo
dictya, except on the stem) but other species have tabulc:e (e. g., 
Pkylloporina) , whence the interpretation of superimposition of 
zocecia and of zooids. This interpretation then unfortunate! y 
assumes that which most requires proof. If there is anything 
clear in Monticuliporoidea it is that the cell is the unit structur
ally in every zoarium, that loculi between successive tabula! can 
not be coordinated as such units because of inconstancy alone. 
They vary in length and breadth ratio from I X 10 to 10 X I and 
more, in the same zoarium. The interpretation of loculi as 
zocecia precludes all uniformity of size and shape of zocecium. 
In fact, the loculi are not described as structurally units in any 
species- but the cell. In the definition of orders only the suc
cessive loculi have been called zocecia, an interpretation that is 
simply not supported by any evidence from the zoarial structure. 

Interpreting the cell, not its loculi, as the zocecium a great 
difference is at once evident between Bryozoa (text Fig. 2, C) 
and Cryptostomasa (Fig. 2, D) and Monticuliporoidea in general 
in the position of the zooid - a matter of greater importance 
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than tabula::, hemisepta, acanthopores, communication pores, etc. 
Moreover, tabula:: characterize the Monticuliporoidea and true 
pores the Bryozoa. One cannot assert that no bryozoons have 
tabula:: but they probably do not. The superimposition of cells 
frequently occurs in monticuliporoids and in bryozoons, but forms 
a recognizably distinct structure from that of the tabulated cell 
proper. One finds, again, many descriptions of pores in Monticuli
poroidea but none recognizably like those in Bryozoa, which run 
direct, transverse, through the cell wall as communication pores. 
The supposed pores parallel the cell walls and do not end in the 
cell, and if they were demonstrably pores, their difference would 
rather serve to separate the group from true Bryozoa. They are 
not pores in most cases. In case of the reticulate cryptostomata 
one might not wish to deny that pores could exist, but yet their 
existence is notably only in the mesopore space or outside the 
autocell wall, and might be interpreted like the minute porous
ness of some corals (Tubipora) due to living cells remaining in 
the stereom, rather than as canals. 

SUMMARY 

Briefly reviewed the Monticuliporoid zoarium consists, in 
the first'instance of monomorphic tabulated cells, differing from 
the extinct Chaetetes corals in the cell increase being less often 
by fission, than budding. In the second instance, the young 
closely tabulated cells develop with a retarded or mesopore 
stage preceding full size growth. In the third, many cells 
appear to be permanently mesopores, autocells however arising 
from mesopores. Some autocells displace several mesopores in 
their rapid growth expansion and the mesopores are either dis
tinct or their bounding walls imperfect and tabula:: vesiculose. 
This development and its minor features is paralleled in living and 
fossil Alcyonarian Tabulate compound celled corals. In the 
fourth instance the cells are shortened, and the mesopores or 
interstitial space filled solid either by superimposed tabula:: or 
by thickened bounding walls: cells with few or no tabula:: or 
filled: Cryptostomata. 
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There is an accom;)anying differentiation from uniformity in 
the first instance to marked axial and peripheral region of the 
cell in the fourth and other characters incidental therewith. 
But all things considered the monticules and their special form 
maculre, are all that separate the Monticuliporoidea from other 
Tabulate (Alcyonarin) corals, but apparently not from certain 
living Alcyonaria, which have possibly descended from them. 

As to Bryozoa, two hypothetical comparisons with Monti
culiporoidea are to be considered. First, the Cerioporidre includ
ing Heteropora, may be Bryozoa derived from Monticuliporoidea 
in the first instance just mentioned, the solid wall having become 
porous with transverse canals. Secondly, Berenicea and other 
Bryozoons with more or less free vestibules might have derived 
from the fourth instance, being then a fifth stage or instance, 
the mesopore solid filling having reduced to nothing and imper
forate cells walls having become perforate. 

The Monticuliporoidea are difficult to separate from corals 
in two concordant instances. In two instances in which their 
structures nearest approach the Bryozoa, they separate easily or 
rather are difficult to unite with them, and of these instances the 
one probably negatives the other. 

EXPLANATION OF PLATE B. 

FIG. I. Pachydictya foliata, frond natural size. 
FIG. 2. Pachydictya foliata, longitudinal section. X 10. 

FIG. 3. Pachydictya foliata, tangential section. X 10, showing cell pattern. 
FIG. 4. Rhinidictya mutabilis, frond of an undersized individual. 
FIG. S. Rhinidictya mutabilis, part of surface. X 20, after Ulrich. 
FIG. 6. Rhinidictya mutabilis, longitudinal section. X 10. 

FIG. 7. Stictoporella cribrosa, lower part of frond with articulation. 
FIG. 8. Stictoporella cribrosa, surface. X 20. 

FIG. 9. Stictoporella cribrosa, longitudinal section. X 20. 

FIG. 10. Ptilodictya subrecta, surface. X 20 showing zoarial margin. 
FIG. I I. Phylloporina corticosa, part of basal expansion and one 

frond. X 2. 

FIG. 12. Phylloporina corticosa, longitudinal section. X 20. 

FREDERICK W. SARDESON. 
MINNEAPOLIS, MINN., 

November 5, 1900. 
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THE STRUCTURE OF METEORITES. II. 

(Continued from page 66) 

CHONDRJTIC STRUCTURE 

This characterizes the great majority of stony meteorites, 
and being peculiar to meteorites will be described in detail. Of 
the 314 stone meteorites listed by Wiilfing in his recent classifi
cation, 288 are more or less largely composed of chondri. 
Some meteorites are composed of chondri almost exclusively 
(Borkut) while others contain them imbedded in a ground

mass. The latter may be tuffaceous, glassy or crystalline. 
The term chondrus, plural chondri, is from the Greek Xdll~P0<;' 

a grain, the term being applied in refe'rence to the size and 
shape of the body. Some writers prefer the diminutive form 
of the word, viz.: chondrules. In size chondri may vary from 
that of a walnut to a dust-like minuteness. The larger number 
are about the size of millet seeds. The form of chondri is 
generally spheroidal, but varies from essentially spherical to 
mere irregular fragments. Some chondri are flattened or oval 
and others show apparent deformation subsequent to their 
onglO. In the latter, depressions or projections occur which 
often look as if a hard chondrus had pressed against another 
soft one during the' process of formation. The deformed 
chondri pass by every gradation into those which appear to 
be rock fragments with rounded angles. The surface of the 
chondrus is rarely smooth, being usually rough or knobbed. 
From many friable meteorites individual chondri can easily be 
isolated. but if the meteorite is at all coherent the chondri break 
with the rest of the mass. The color of chondri is usually white 
or gray, but some are brown to black. As they are often of the 
same ingredients as the groundmass in which they are imbedded 

174 
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they may differ little in color from it. On this account and on 
account of an ill-defined contour they may be overlooked and a 
crystal may be considered porphyritic, which is really part of 
a chondrus. Usually, however, the chondri are plainly marked 

FIG. 7.-Section of the Homestead meteorite, showing a typical eccentrically
radiating bronzite chondrus (above) and a porphyritic chrysolite chondrus (below). 
A granular chrysolite chondrus also appears at the left. X 65. After Tschennak,' 

on a polished section by differences in color and contour. In 
structure chondri may themselves be granular, porphyritic, 
coarsely or finely fibrous. They may consist of a single crystal 
individual, in which case they are said to be monosomatic, or of 
several individuals, when they are said to be polysomatic. 

• Die mikroskopische Beschaffenheit der Meteoriten. Tafel VII, Fig. 4. H/o(s. 2. 

3, 4 and 5 of Article I should also be credited to Tschermak, Lehrbuch der Miner
alogie, 4th edilion, p. 5"'5. 
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True monosomatic chondri are confined almost exclusively to 
the mineral chrysolite. They can be known by their simultane
ous extinction in polarized light. Polysomatic chondri may be 
made up of different minerals as well as different individuals 
and may show more than one kind of structure, i. e., a chondrus 
may be granular in one portion and fibrous in another. The fol
lowing minerals are noted by Tschermak as forming chondri, their 
relative abundance being in the order named: Chrysolite, bronzite 
augite, plagioclase, glass, and nickel-iron. This order, it is to be 
noted, is also that of the fusibility of the minerals, the most infusi
ble and hence the earliest cooling mineral forming the most chon
dri. Chrysolite chondri usually contain large quantities of glass 
of a dark brown color. This may be arranged (a) in the form of 
alternating layers, in which case a marked rod-like or lamelli
form appearance is produced, or (b) may form a base in which 
the mineral is developed porphyritic ally , or (c) may occur in the 
center of a crystal, or Cd) may form a network. Polysomatic 
chondri of the latter sort are especially liable to be mistaken for 
those of bronzite since they simulate the fibrous appearance of 
the latter. Occasionally the crystallization may have proceeded 
only far enough to produce skeletal or branching growths of the 
mineral among the glass. Both monosomatic and polysomatic 
chrysolite chondri may have the arrangement of a well-marked 
rim about a spherical interior. This rim may, in the polyso
matic chondri, be composed of many individuals. Such a rim 
is often dark from a content of iron and troilite. Chromite, 
either in minute grains or in dust-like aggregations, also forms a 
common inclusion usually near the surface of the chondrus. The 
quantity of opaque inclusions may be so great as to give the 
chondrus a black color. Such chondri lssociated with those of 
light color are to be found in the stones of Knyahinya, Mezo
Madaras and others. The constituent minerals of such chondri 
are chiefly chrysolite and bronzite. Bronzite chondri are usually 
of a. finely fibrous character. The fibers instead of radiating 
from a center as do those of spherulites usually radiate from an 
eccentric point. This eccentric arrangement constitutes one of 
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the most marked features of the chondri and separates them 
sharply from any formation seen in terrestrial rocks. The 
bronzite chondri have less glass than those of chrysolite. Mono
somatic chondri of bronzite have never been observed, the large 

FIG. S.-Section of the Dhurmsala meteorite, showing a large, somewhat porphy· 
ritic chondrus enclosing a smaller monosomatic one. Both are composed of chryso
lite. X 8. After Tschermak.' 

crystal individuals showing, as a rule, no tendency to a spherical 
form. Besides bronzite chondri having an eccentric arrange
ment of fibers there occur those which are confusedly fibrous, 
and these may pass into those which have a netted appearace 
from crossing fibers. Such chondri, cut at right angles to the 
fibers, show the fibers to have a concentric arrangement. The 

'Op. cit. Tafel VIII, I<'ig. I. 
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chondri already mentioned, which are granular in part and in 
part fibrous, are usually made up of the two minerals chrysolite 
and bronzite. These minerals may be present in about equal 
quantity or either may be in excess. Usually the bronzite together 
with glass appears to occupy the intervening spaces between the 
chrysolite grains, indicating that it is of later formation. Augite 
chondri are not common but occasionally occur. They often 
show a structure which indicates repeated twinning. The min
eral may appear also in the form of grains, usually of a green 
color. These grains can be distinguished from chrysolite by 
their behavior in polarized light. Chondri containing plagio
clase in any large quantity are also rare but have been observed 
by Tschermak in the stone of Dhurmsala. The plagioclase 
alternates in bands with chrysolite and is in excess. Chondri 
also occur which are composed almost· exclusively of glass, the 
only indication of the presence of other minerals being in the 
presence of forked microlites which may be referred to bronzite. 
Occasionally these microlites are of a pronounced star-like form. 
Chondri, or at least rounded spheres of nickel-iron, occur in 
some meteorites, though they are not common. All gradations 
occur from chondri which contain grains of nickel-iron to com
plete spheres of nickel-iron. In the stone of Renazzo such 
spheres have a covering of brown glass. Some of the spheres 
or rounded fragments also contain troilite, but troilite of itself 
never has been seen to form chondri. A more or less complete 
rim of metal is a characteristic of many chondri. The metal may 
occur in the form of rounded grains or as a continuous periph
ery. It has been suggested by Daubree that such a rim shows 
that the chondrus has been subject to the reducing action of 
hydrogen. Besides the chondri colored black by inclusions of 
iron and troilite, as previously described, black chondri, which 
consist chiefly of maske1ynite or granular plagioclase, occur in 
the stones of Alfianello, Chateau Renard and others. These 
chondri are transparent and colorless about their rim, but in the 
interior are totally black from inclusions of angular rounded 
grains, some of which are shown by their brown color to be 
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troilite. A gathering of grains at the center distinguishes these 
chondri from those previously described in which the rim was 
black. Besides complete chondri, fragments representing vari
ous proportions of a complete chondrus occur. These may, on 

FIG. 9.-Section of the Mezo·Madaras meteorite, showing a meteoritic tuff made 
up of fragments of chondri. Portions of bronzite, chrysolite and nickel· iron chondri 
can be recognized. After Tschermak.' 

account of their shape, be very misleading, as they may be taken 
for porphyritic individuals or for portions of a foreign stone if their 
previous chondri tic origin is not recognized. Tschermak states 
that fragments of chondri are most numerous in the stones whose 
chondri have well-marked contours. So far as the association 
of chondri is concerned it is to be noted that chondri of more 

'Op. cit. Tafel XIX, Fig. 4. 
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than one of the kinds above described usually occur promiscu
ously scattered through the same stone. There is no gathering 
of them into groups according to. the minerals they contain. 
Occasionally one chondrus encloses another, and still more 
rarely two may be joined together. Broken fragments of chon
dri commonly occur in the same stone with complete chondri. 
Two fragments of the same chondrus are, however, rarely if 
ever found in juxtaposition. Hence there must have been con
siderable separation of the fragments before consolidation of the 
stone took place. 

Theories of the Origin of Cltondri and Cltondritic Structures.--The 
conditions which have brought about the formation of chondri 
are not well understood, though the question has been much 
discussed and various hypotheses have been suggested. The 
views of earlier observers were to the effect that the chondri 
represented fragments of preexisting rock which, by oscillation 
and consequent attrition, obtained a spherical form. Sorby 
regarded them as produced by cooling and aggregation· of 
minute drops of melted stony matter. Tschermak considers 
their origin similar to that of the spherules met with in volcanic 
tuffs which owe their form to prolonged explosive activity in a 
volcanic throat breaking up the older rocks and rounding the 
particles by constant attrition. 

Different views are, however, held by Brezina, Wadsworth, 
and others, these believing that the chondri have been produced 
by rapid and arrested crystallization in a molten mass. 

Objections to theories of the first class are to be found (I) 
in the fact that the chondri usually have rough-knobbed surfaces 
instead of smooth ones, such as attrition might be expected to 
produce; (2) in the regularly eccentric form of most enstatite 
chondri, which attrition would be likely to destroy; and (3) in 
the fact that fragments of a preexisting rock ought to show the 
constitution of the rock as a whole instead of specialized struc
ture. Objections to theories of the second class are to be found 
chiefly in the clearly fragmental nature of most chondritic 
meteorites. It is in their variation from the surrounding ground 
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mass and in the eccentric arrangement of their fibers that chondri 
differ ,chiefly from the spherulites of terrestrial rocks. 

SUPERINDUCED STRUCTURES 

Several structures occur in meteorites which have apparently 
originated subsequent to the consolidation and solidification of 

FIG. lo.-Slickensided surface. Long Island meteorite. Natural size. From a 
specimen in the Field Columbian Museum. 

the mass as a whole. These may be enumerated as (I) slicken
sides, (2) faults, (3). bent plates, (4) veins, and (5) cleavage 
and joints. The first three may be grouped under the head of 
evidences of preterrestJ;ial movement, but it should be stated 
that some authorities regard all these structures, including veins, 
as of terrestrial origin. 
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Slickensides (Harnisch jlacken, Sur/aces de /rotJement. ) -These 
may be observed on portions of many meteorites, of which the 
following may be mentioned among others: Bath, Kesen, 
Limerick, Lixna, Long Island, Manbhoom, Mocs, Ochansk, Stall
dalen, Tysnes Island, and Zavid. The slickensided surfaces 
may vary in area from a few square millimeters to those more 
than a foot square (Long IslaQd). In many cases the surfaces 
have exactly the appearance of similar ones in terrestrial rocks, 
being smooth, shining, somewhat uneven, and more or less 
striated in the direction of movement. In other cases, however, 
they appear as dark striations on the contact surfaces, or as if 
the surfaces had been rubbed with a piece of graphite. The 
slickensided surface may be a broad peneplane with generally 
parallel striae, or it may be seen penetrating the meteorite in 
numerous narrow peneplanes following the same general direc
ton at different levels. The surfaces do not always extend in 
the same direction, however, but in different directions and 
occasionally nearly at right angles to one another. One surface 
on the Long Island meteorite has in cross section the shape of 
a J. The polishing of the surface by the movement which has 
taken place often brightens the metallic grains so that they 
shine. Sections cut perpendicular to a slickensided surface 
show a flattening or elongation of the metallic grains, and even 
of other minerals along the course of movement, 

Meunier regards the blackening seen on the surfaces as 
indicating heat developed by the movement, and states that the 
heat was sufficient to metamorphose a portion of the Mexico 
meteorite included between two slickensided surfac.es, which he 
examined. The slickensided surfaces examined by the writer, 
however, give no evidence that the movement has been accom
panied by any high degree of heat, at least enough to produce 
fusion, for the mineral grains along the surface are simply 
sharply cut off without alteration. This fact, together with 
the analogies given by terrestrial slickeosides, indicate that the 
movements which gave rise to the slickensides must have taken 
place while the constituents of the rock were solid. 
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Fau/ts.- Evidence of movement along a plane sufficient to 
produce well-marked faults in meteorites is not abundant. The 
slickensides already described prove slight movement, but how 
much, so far as the stony meteorites are concerned, it is difficult 
to say on account of the absence of bedding planes and other 
criteria of measurement. In the iron meteorites, however, the 
bands of the Widmanstatten figures afford a means of measure
ment. Sections of several such meteorites, viz., Bridgewater, 
Carlton, Magura, Puquios, and Descubridora, in this way exhibit 
faulting. In the Puquios meteorite the faulting is of somewhat 
complicated character, the kamacite bands showing slight dis
location in various directions. The largest fault extends the 
entire length of the mass, and has a throw of 71i of an inch 
(3 mm). Some crushing and branching also appears along this 
line of faulting. Other less extensive lines of' faulting occur. 
The amount of throw seen in the Descubridora meteorite is more 
extensive than in the Puquios, being a distance of from ~ to ~ 
an inch (6 to 12 mm ) . Owing to the toughness and tenacity of 
iron meteorites at ordinary temperatures, Howell has suggested 
that such faulting could only have been produced when the mass 
was highly heated, as, for instance, in its passage near the sun. 
He found that a piece of the Toluca meteorite, although very 
tough when cold, would crumble under the hammer when heated 
to a white heat. He states that it also seems necessary to assume 
a contact with some other body, as well as a heating, in order 
to account for the faults. In opposition to this view by Howell 
the faulting is believed by Brezina, according to a label in the 
Vienna Museum, to have been the result of the impact of the 
mass on the earth. 

Bent p/ates.-These are somewhat allied to faults, there 
having been differential motion in the mass, but not a sufficient 
amount to produce fracture. Naturally, they are to be noted 
only in the iron meteorites. Carlton, Glorieta Mountain, 
Jamestown, Ranchito, and Toluca are some of the meteorites in 
which they have been observed. The bent plates appear upon 
an etched surface as curved Widmanstatten figures. They 
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never characterize an entire mass, so far ·as I am aware, but 
only portions, and occasionally but a small portion of a single 

mount of cu ot great, rar 
e m in 50. A ever has mor 
d urvature, tho n straight fo 
t end and. cur her. With r 
e owever, the curvature of 
plates may be quite different. Like faults, the bending is 
referred by Brezina to the result of the impact of the meteorite 
upon the earth. 

Veins (Adem, Filons, Veines).-These occur in many stony 
meteorites, in fact in a sufficient number to characterize seven 
o seven group . Brezina div 

he veins rna th from a m 
(Mocs). A r dimension i 

b single stones tusk and Mo 
w 1 seem 0 be of a subs ance 1 e hal of the velDS. e 
veins penetrate the stones now in a nearly straight direction and 
now in a more or less tortuous one. Sometimes they are single. 
then again branched, and again ramify to such an extent as to 
form a network. They are rarely uniform in width for any 
a . stance. On they widen a 
v y, often fork enclose port 
m meeting ag uff meteorite 
s ns crossing 0 at angles of 
T of these is idth and wa 
over a plane 4 X IS inches in extent. The wider varies much in 
width and is less extensive. 

In color, veins are dark, usually black. The substance 
filling them is black, opaque, brittle, and of a semi-glassy char
acter. In polarized light it appears amorphous and isotropic. 
I des splinters oining stone 
s kel-iron and ong the wall 
s metallic folia llel to the d 
t ese appear i n like delica 
From t e mc el-iron grains t reads often run out in a direction 
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across that of the vein, and these may pass into empty clefts. 
In many portions /?f the stone of Chantonnay narrow, irregular, 
open fissures occur. Some of these have begun to be filled by 
matter that has flowed in from the surface, but it has penetrated 
only to a depth of a few miIlimeters. The vein substance 

FIG. I I.-Cross section of a vein of one of the Mocs meteorites. The vein mass 
appears as a broad black band through the center. It is in part intermixed with the 
adjoining ground mass and in part has well defined walls. The gray spots are 
spheres and lumps of nickel-iron illuminated by reflected light. The branching of 
some of these into clefts, one of which is still open, is of interest. X 20. After 
Tschermak.' 

usually has fairly well-defined walls, but on the other hand may 
gradually pass into the body of the meteorite. In the stone of 
Goalpara, which is coarsely porous, a black, vein-like substance 
forms the walls of the pores, makes up the groundmass, and 

'Op. cit. Tafel XXII, Fig. 2. 
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penetrates into the minutest fissures. Again, the groundmass 
of the stone of Richmond is a black, half glassy substance which 
occupies the spaces between the chondri and spreads itself into 
their interstices. Thus the veins may occur as mere apophyses 
of a black groundmass. In fact, apparently the same substance 
forms veins in the meteorites of Mocs, a cement in the stone 
of Orvinio, and the entire ground mass of such carbonaceous 
meteorites as Cold Bokkeveld. That the substance is exactly 
the same in all these cases cannot be regarded altogether 
proved as yet, however. An analysis by Whitfield of the vein 
substance of the Bluff meteorite showed it to be very similar in 
composition to the mass of the stone. Tschermak states that 
the vein substance of the Goalpara stone consists of a network 
of iron, holding troilite, carbon, and a glassy substance found to 
be decomposed by acids. The substance of the black veins of 
th~ Chantonnay meteorite Meunier regards as consisting of a 
silicate of iron. An interesting experiment performed by him 
in this connection was that of heating meteorites of the group 
to which he gives the name of Aumalite, to redness without 
access of air. The meteorite then became black, of lighter spe
cific gravity, and increased in hardness and toughness. In 
other words, it became a substance which he regards as exactly 
similar to that of the veins of Chantonnay. He regards the 
presence of this substance in the stone of Chantonnay, there
fore, as proof that the meteorite had undergone heating or 
metamorphism before its entrance into the earth's atmosphere. 

So far as the general appearance of the black veins is con
cerned, it may be said with Tschermak that they give the 
impression that the substance of the meteorite at some time 
underwent fissuring and that a fused liquid was absorbed into 
these fissures. The phenomenon must have differed somewhat 
from that of the injection of fused lava into the interstices of 
terrestrial rocks, since the substance of the vein mass agrees 
so closely in composition with that of the substance of the 
meteorite. 

Vein-like jilaments.- I n passing from the iron to the stony 
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meteorites every gradation may be traced from metallic masses 
in which the silicate.; appear as porphyritic ingredients, through 
those appearing to be made up of interwoven constituents, to 
those in which the metallic constituents appear as isolated 
grains. In several of the latter class of meteorites (Farmington, 
Crab Orchard Mountains, Bluff) long, branching, metal fila
ments are seen to be associated with the isolated grains. 

In the view of the present writer, these are filamentous 
phases of the structure of the metallic portions of the meteorite. 
Other meteorites, of which those of Honolulu, Mocs, and Pultusk 
may serve as illustrations, have what appear to be metallic veins 
when seen in cross sections. When cleft along the vein, how
ever, these prove ~o be slickensided surfaces' along which the 
metallic grains of the meteorite have been drawn or flattened 
out by the movement. These vein-like structures are clearly of 
different character from those just described. They sometimes 
give a well-marked appearance of a vein outlined on the crusted 
surface of a meteorite. This is owing to the fact that resisting 
fusion more than the stony matter they stand out in relief. 

Cleavage and joints.- Most of the cubic irons are character
ized by a complete cubic cleavage. This cleavage doubtless 
indicates that the masses are crystal individuals. Huntington 
has described cleavage planes as passing through some of the 
octahedral irons independent of the octahedral structure. It is 
probable that these, as well as cleavage along the octahedral 
planes often noted, are separation planes resulting from weather
ing. 

Few stone meteorites are of sufficent size to exhibit a jointed 
structure if it existed. Meunier has called attention to an 
elongated depression in one of the L' Aigle stones which he 
regards as marking the position of a former joint plane. The 
Long Island meteorite, the largest stone meteorite known, 
is cut by three large division planes which perhaps represent 
joint planes. Two of them are at right angles to one another, 
while the third, somewhat broken, is nearly at right angles to 
the other two. The,great irregularity of form of most meteorites, 
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however, would seem to indicate that division planes were lack
ing in the masses from which they have separated. 

SYNTHETIC EXPERIMENTS IN THE REPRODUCTION OF STRUCTURAL 

DETAILS 

Fouque and Levy have succeeded in reproducing, so far as 
the component minerals were concerned, mineral aggregates 
corresponding to several types of meteorites. Among meteor
ites not containing feldspar, aggregates were produced corres
ponding to the meteorite of Rittersgriin, which is made up of 
chrysolite, enstatite, a magnesian pyroxene, and iron. Among 
meteorites containing feldspar, aggregates were produced cor
responding to those of the class known as Eukrites, which are 
made up of anorthite, enstatite, and pyroxene, and of the class 
made up of anorthite, enstatite, and chrysolite. These were all 
produced by cooling from fusion, different mixtures of silica, 
alumina, magnesia, carbonate of lime and iron oxide. The chief 
difference noted by these authors between these products and 
meteorites of corresponding chemical composition is one of 
structure. The artificial products were of a marked granitoid 
texture, while most meteorites have as strongly brecciated or 
tuffaceous character. It is also true that the iron in the arti
ficial products was in the form of oxide. 'This could, however, 
easily be reduced to the metallic state by exposing the mass to 
the action of reducing gas at a red heat for two hours. Previous 
to the experiments of Fouque and Levy stone meteorites of sev
eral types had been fused by Daubree and the resulting cooled 
products examined., The products resembled the original 
masses in some respects, but in many respects differed. Thus 
chrysolite and enstatite separated in a sort of liquation, the 
chrysolite forming a thin layer above, while the enstatite crys
tallized below in the form of long needles. Moreover the 
iron grains took spherical forms rather than the irregular ones 
which characterize meteorites. Daubree therefore concluded 
that the mode of formation of meteorites differed from purely 
igneous fusion. The needles of enstatite artificially obtained 
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seemed analogous in his opinion to the needles formed on the 
surface of freezing liquids, while the grains seen in meteorites 
seem more like the forms of frost or snow formed by the 
immediate passage of water vapor to the solid state. This con
clusion led to a number of experiments by Meunier with vapors
of silica, magnesia, etc., for the purpose of forming in this man
ner if possible mineral aggregates resembling the meteorites 
The results so far obtained have been chiefly negative, though 
the experiments are still being cpnducted. A prominent feature 
lacking from the results of the experiments with vapors is the 
glass so abundant in meteorites. This is obtained in quantity 
however in the products cooled from fusion. 

Many efforts have been made to reproduce Widmanstatten 
figures but they cannot be said to have met with much success. 
As it is held that the WidmanstiHten figures indicate slow cool
ing from fusion, Sorby fused together iron, nickel, and other 
constituents of an iron meteorite, and allowed the mass to cool 
very slowly. On examining an etched surface with a lens, min
ute lines were seen which recalled the Widmanstatten figures 
but the appearance as a whole, he states, was very different. 
The mass was then kept for a long time at a temperature just 
below that of fusion but the resulting product was less like 
meteoric iron than that previously obtained. Daubree fused a 
portion of the Caille meteorite in a crucible of clay, then allowed 
the mass to cool slowly. The resultant mass showed a crystal
line structure but all trace of the former Widmanstatten figures 
was lost. On fusing a mixture of iron, nickel, troilite, and 
silica, he obtained a product showing dendritic figures. On 
fusing a mass of iron, nickel, and iron phosphate together, a 
mass having a reticulated structure with angles showing dodec
ahedral crystallization was obtained, The structure of this 
mass approached more nearly the Widmanstatten figures than 
any obtained in any other way, and it is sometimes stated 
that true Widmanstiitten figures were produced. As Cohen 
remarks, however, the statement needs to be supported by fig
ures and specimens. The same may be said of Meunier's 
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statement that he found Widmanstatten figures on a mass obtained 
by reducing iron and nickel chlorides from their vapors. J. 
Lawrence Smith states that he obtained Widmanstatten figures 
on a button of iron which cupelled from a mixture of iron sili

·cate and chalk heated to fusion for from IS to 20 minutes in 
oxygen in excess. If the excess of oxygen was essential to the 
success of this experiment, it was a condition certainly wanting 
in the formation of the iron meteorites. 

It is true of chondri as of Widmanstatten figures that they 
have not yet been successfully reproduced by synthetic methods. 
Especially has it been found impossible to reproduce the struc
ture exhibited by many enstatite chondri, of fibers radiating from 
a point eccentrically placed with reference to the center. 
Meunier has obtained from vapors of silicon chloride and mag
nesium acicular crystals of pyroxene which he recently showed 
the writer, which radiate in a fashion recalling the above-men
tioned chondri. They cannot, however, be said to be in any 
sense reproductions of the chondri, and they are moreover a 
monoclinic pyroxene. Perhaps the nearest approach in form to 
these structures has been obtained recently by Brauns in crys
tals obtained by cool.ing sulphur. The forms were produced 
either by suddenly cooling a strongly heated preparation of sul
phur or by slowly cooling and suddenly shaking it. Such results 
suggest that the peculiar structures of chondri indicate special 
conditions of cooling or percussion to which the mass has been 
subjected. If these conditions could be reproduced, chondri 
could, perhaps, be formed synthetically. It may be suggested 
that immediate contact with the intense cold of space, a condi
tion which has not yet been experimentally fulfilled, is perhaps 
the force which has given chondri their peculiar form. 

NOTE.-For further study and for lists of references the following works 
may be consulted: Meteoritenkunde, Heft I, E. COHEN, Encyclopedie 
chimique, Tome II, Meteorites, S. MEUNIER; Die mikroskopische Beschaf
fenheit der meteoriten, G. TSCHERMAK. 

FIELD COLUMBIAN MUSEUM, 

Chicago. 

O. C. FARRINGTON. 
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A GEOLOGICAL and geographical excursion in the North 
Atlantic is planned for the summer of I go I. Conditionally on 
the formation of a sufficiently large party, a steamer of about 
1000 tons, specially adapted for ice navigation, and capable of 
accommodating sixty men, will leave Boston on or about June 26 
and return to the same point on or about September 20. The 
main object of the voyage will be to offer to the members of the 
excursion party opportunity of studying the volcanic cones and 
lava fields, the geysers, ice-caves and glaciers of Iceland, the 
fiords and glaciers of the west coast of Greenland, and the moun
tains and fiords of northern Labrador. Some attention will be 
paid to the hydrographic conditions of the waters traversed. 
Botanists, zoologists, ornithologists, mineralogists, and those 
interested in other branches of natural history may pursue 
independent studies. A hunting party may take part in the 
expedition; it could be landed for a fortnight or three weeks in 
Greenland and for about the same period in Labrador. 

An inclusive fee of $500 for each member will be charged, 
$250 to be deposited with the leader of the expedition on or 
before March IS, the balance to be paid or on before June I. 

The trip will be under the direction of Dr. R. A. Daly, of the 
Department of Geology and Geography, Harvard University, 
Cambridge, Mass. Applications for membership should be 
addressed to him. 
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ora of tlte Carb n of Heraclea: 
tion of Paleozoic Plait! Distribution. 

At a meeting of the Biological Society of Washington in November 
1897, the writer exhibited a small number of specimens of Carbonifer
ous plants from Asia Minor, and called especial attention to the precise 
a reement in detail of several of the s ecies with the corres ondin 

American Co Particular e 
markable geog bution of pla 
niferous time, the material i 
idence. This ment in exact f 

and Asiatic sp t fail to arou 
botanists the keenest interest in the publication of the results of the 
study of the southeastern flora by Professor Zeiller, to whose courtesy 
the writer was indebted for the above mentioned specimens. 

Professor Zeiller's study of the Carboniferous flora of HeracIea' 
(Eregli) is an admirable example of stratigraphic paleobotany. To the 

ho is unacqua progress mad 
ntiation and r the various C 
ld World, and as means of c 
ve illustration ologists this 
lly valuable fo hrows on the a 

tion of identical species and on the identity and regularity in sequence 
of the floral associations characteristic of the several stages. 

The fossil plant material, chiefly collected by M. Ralli, was 
obtained from several isolated areas in two of which the structure is 
particularly complicated, the terranes being diversely and frequently 

n shattered. T from these ar 
embrace 122 s hen grouped 

indicate thre e Carbonifero 
able to recog hically in por 

flore fossile du b eraclee {Asie Min 
ler, Mem. Soc. geol. Fr., Paleontologie, memo 21, Paris, 1899,91 pp., 6 pI. 
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territory, although the complex structure hardly admits of correla
tion without paleontological aid. 

In the following paragraphs the general paleontological features of 
the three stages will be outlined, together with the correlations pro· 
posed by Zeiller. To this will be added comments on certain of the 
Heraclean plant types with some suggestions as to the relations of the 
Heraclean Carboniferous floras to those of eastern North America. 

A. The lowest of the three paleobotanical stages recognized by 
Zeiller in the material examined is that of Aladja-Agzi. In the col
lections from several localities representing this stage in the various 
areas, he finds: I 

Splunopltris dicRsonioidu, - S. btrmudtnsi/ormis, S. Larisdli, - S. 
divaricala,- Rhodta d. Stachti, .Diplolmtma disstcfum, .D. dtgans,. 
Adianlilts oblongi/olius,- PtcOpltris asptra, ArchaOjltris, sp., Card
iopltris polymorpha, Sphmophyllum Imtrnmum,. Asltrocalamilts scro
biculalus,. Calamilts oSlravitnsis, C. ramijtr,- Ltpidodmdron acumi
nalum,. and Ltpidophyllum lanctolalum. 

Two additional species are described as new, viz.: Sphtnopll'ris 
bilhynica and Splunophyllum Stwardi. 

Of the previously described species, all in the above list, with the 
exception of the undeterminable Archaopltris and the Ltpidophyllum 
lallCtolalum are also present in the Ostrau-Waldenburg (Upper Culm) 
stage of Silesia, with which the Aladja-Agzi flora is correlated by Pro
fessor Zeiller. The species 'marked by the asterisk (.) in the above list 
are also recorded from the Appalachian Pottsville, with whose lower 
portion the Ostrau-Waldenburg beds are probably, in part, at least, 
contemporary, as has already been elsewhere' indicated. Of the 
remaining plants Sphmopltris btrmudtnsijormis is evidently closely 

• related to a form from the Pottsville referred to S. aspltnioidts; 
while the specimens figured as .Diplolmtma disstclum appear to find a 
corresponding form in the latter formation. Splunopltris billzynica 
seems to be extremely close to S. subjurcala Dn. from the supposed 
.. Middle Devonian " [Pottsville] at St. John, N. B., while Sphmophyl
fum Stwardi stands in a similar relation to S. Itnut 3 from the Welch 

I The nomenclatural orthography in the following list is that used by Professor 
Zeiller. 

• Bull. Geol. Soc. Amer., Vol. VI, p. 320, 1895. See also: Twentieth Annual 
Rept. U. S. Geol. Surv., Pt. II, p. 912. 

] Twentieth Annual Rept. U. S. Geol. Surv., Pt. II, 1900, p. 900, PI. CXCI, Figs. 6, 7. 
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formation (Middle Pottsville). With reference to the I.epidophyllum 
lanceolalum listed above, I would add that the specimen figured by 
Professor Zeiller would seem to agree with the L. Campbellianum 
described by Lesquereux from the Pottsville. The latter is much more 
slender, acute and narrowed toward the relatively small sporangio
phore than is the quite distinct type, from the higher Coal Measures, 
identified by Lesquereux as L. la/ICeolalum L. and H. eardiopler;s 
po/ymorpha has not in this country been found in beds so high as the 
Pottsville, though it is present in beds of Chester age. 

B. Above the Pero bed at Kilimli, whose flora belongs to the 
Aladja·Agzi stage, and separated from that bed by a conformable 
series of sandstones and conglomerates 90 meters in thickness lies the 
Sinork coal, with which are found Mariopler;s acula, Aslerophyllill!S 
grandis, and I.ep;dodmd'"OI1 Vdlluimi. The first two named are char
acteristic of the Westphalian of Europe, while the third is present in 
the Culm as well. The more exact place of this florula is in the lowest 
of the three stages of the Westphalian. All three species are present 
also in the lower group of the Kanawha formation in West Virginia. 
The plants accompanying the coals mined at Coslou (Kosloo) as well 
as those from a number of other localities, many of which are in 
faulted blocks, belong to the same stage as the Sinork plants, though 
some of the localities are evidently at a lower horizon in that stage 
than others. 

The entire flora from this stage includes: Sphenopleris oblusiloba*, 
S. Schillingsi*t, S. Baeumltri, S. Frenuli, S. schatzlarmsis, S. Sau
veuri*t, S. Crepini*t, S. Laurenli*t, S. HOi!llinghausi*, S. Itndla*t, 
S. Aschmborni, S. Sehwerilli, S. karwinensis, S. ViUlersi, S. be//a, 
S. Sternbergi, Rhacopleris subpetiolala, Palmalopleris /urcala *, P. d. ele
ganlz/ormis *, Mariopleris muricala* t, M. acula* t, Pl!(opleris plumosa* t, 
P. aspera, P. pmnteformis*, Alethopleris Davreuxi, A. dl!(urrens*t. 
A. Lonchilica * t, Lonchopleris ESc/lweileriana, NeTJropleris gigantea * t. 
N Sehlehalli*t, N heteroph)'//a *, Sphmophyllum cunei/olium (old 
form)*t, Calamites Suckowi*, C. undulalus.(?), C. Cisli*, C. ramosus*, 
C. Sehulzei, C. distachyus, Aslerophylliles grant/is*t, A. equiseli/ormis*, 
Anllularia galioidl!S*, A. Radiala .t, Radidles columna,;s*, I.epitkJd,en
dron /ycopodioides, L. aculeatum*, L. dichotomum*, L. obovatu",*t, 
Lepidophloios laridnus*, Lepidostrobus Geinilzi*, I.epidophyllum lanao
lalum., Sigillaria degans*, S. dOllgala*, S. Sehlotheim;*, S. sculdlata*, 
S. Davreuxi*, S. Boblayi, S. mamillaris *, S. germanica, Stigmaria .ficoi
des*, Cordailes prindpalis*, and Dorycordailes palma/ormis. 
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The new types described from this stage are Splun()pteris Ralli, S. 
luradetnsis, P()t()niea adianli/()rmis, Calam()phylllies vaginatus, Phyll()
theca Ralli, and Sigillaria euzina. 

All but six of the species listed above are present in one or more of 
the European basins. The flora of the lower horizon is referred to the 
lowest of the three stages of the Westphalian, while that of the slightly 
younger horizon is regarded as overlapping on the lower or transition 
portion of the middle stage. 

It is impracticable to discuss in this place the relations of the large 
and interesting flora from this stage to the floras of the United States. 
I have, however, marked with the asterisk (*) those species that are 
recorded from the Carboniferous of North America. 

The percentage of identical species is undoubtedly fully as large as 
that marked in the list. Of the American representatives among the 
fern species the greater portion are present either in the Kanawha for
mation of southern West Virginia and Kentucky, or the upper portion 
of the Pottsville formation. In fact the flora of the lower horizon in 
the Coslou group is clearly comparable to the topmost Pottsville and 
earlier Kanawha plant associations. The flora of the upper horizon of 
the Coslou group has little in addition besides the Sigillarias that is 
common to the Allegheny series, and it, too, is distinctly older than that 
series, though it appears hardly so typical as the other flora of the Lower 
Kanawha group. The surprisingly close relations of the flora of the 
Coslou stage to the uppermost Pottsville, and particularly to the Lower 
Kanawha flora will be better understood when the detailed studies of 
the latter floras are published. Suffice it for the present to say that 
the species marked by the (t) in the above list are, so far as I have 
observed, peculiar to and characteristic of this combined portion of 
the Appalachian Upper Carboniferous section. 

A few among the more important species closely related to Ameri
can types deserve special mention: Sphm()pleris Villersi is very close 
to a variety of S. /urcala from the Southern Anthracite field; S. Stem
bergi to Al()i()plen"s (Splun()pteris) ge()rgiana of the Pottsville; and Ale
Ih()pleris Davreuzi differs but little from the latest phase of A. grandi
/()lia. My remalks on the Lepid()phyllum lanu()latum in the lower stage 
probably apply equally to the Coslou specimens. 

As P()t()niea Zeiller describes a type of fructification whose fleshy 
adiantiform divisions are studded or fringed with fusiform bodies sug
gesting the sporangia of Cr()ss()lheca (Sor()dadus of Lesquereux). it is 
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regarded by him as belonging more probably to a fern, though it is 
possibly gymnospermous. PIzyllotlzeca Ralli is an extremely interest
ing type whose fructification appears to be very close to that of the liv
ing Equisetum, while the leaf sheath, suggestive of Annularia radiata, 
is very similar to that of an undescribed species from the lower 
Kanawha group of West Virginia. The genus PIzyllotlzeca, which is 
present in the Indo-Australian Glossopteris flora (Permo-Carbonifer
ous), and which for a long time was supposed not to have appeared in 
Europe until the Jurassic, has later been described from the Permian 
and is now known in the Coal Measures of both Europe and America. 

C. The upper or Caradons stage in the Herac1ean basins is repre
sented by many localities whose largely common floras evidently lie 
in or near the same stage. Its flora includes: Splztnoptens (Crosso
tlzeca) Crtpim·*, S. Bronni*, Palmatopteris alata*, Pecopteris Miltoni*, 
P. oreopteridia*, P. unita*, P. Roelzli, P. plumosa *, P. Pluduneti*, P_ 
Newberryi*, Alethopteris Sedi *, A. Grandim·*, Odontopterls britan
nica *, O. Reichiana*, Nevropteris Scheuchztri*, N. heterophylla*, N. 
ran·lIervis *, N. ttnui/olia *, Linopteris obliqua *, L. Mfmsltri, Caulop
teris patria, Ptychopltris macrodlscrs, Sphtnophyllum cunei/olium *, S. 
emargiflatum *, S. oblongi/olium, S. majus *, Annularia stdlata *, A. 
splunophylloidts *, Lepidodendron jaracztwsRi, Sigillaria tessellata*, 
Cordaites borasslfolius *, Cordaites pri1uz"palts *, Cordaicarpus con
grums *, and Samaropsis jiuitans *. 

Five species, Sphenopteris Limai, Pecopteris Armas;, Alethopteris 
pontita, Linopterls dongata, and Plillthiotluca analolica, have not been 
found elsewhere. 

In the above list the asterisk (*) denotes an American distribution 
for the species, most of which are familiar to those geologists who 
have observed the plants of the Coal Measures in the northern bitumi
nous basins. Among them Pecopteris Mil/om", P. unita, P. PlucRtneti, P. 
Newberryi, Alethopterzs Serlii, A. Grandini, Odonloplerls ',,·,/annica, O. 
Rdchiana, Nevropleris Scheuchzeri, N. rarinervis, Linopteris obliqua, 
Sphtnophyllum emarginalum, S. oblongi/olium, S. majus, Annularia stel
lata, and A. sphenophylloides are characteristic of the Allegheny series 
and higher Coal Measures. 

The flora of the Caradons stage contains a mingling of uppermost 
Westphalian species with Stephanian types. This flora is correl:1ted 
by Zeiller with that of the stage of the Radstock Series in England, 
the Geislaiitern beds in the Saar region, the" middle series" in the 
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Zwickau basin of Saxony, the Schwadowitz beds in lower Silesia, and 
with the Mazon Creek, Illinois, flora of the United States. 

The flora of Mazon Creek seems to find its place in the Kittanning 
group of the Pennsylvania basins, and probably near the horizon of 
the Middle Kittanning coal. The presence of certain species, particu
larlyof Odontopteris, of abundant Linoptens obli'lua, of PI!Copteris Mil
toni, of Alethoptens Grandini, and of Sphenophyl/um oblongijolium in the 
Heraclean flora leads me to conclude that the Caradons material was 
derived from beds slightly later than the Mazon Creek horizon, or 
perhaps as high as the Freeport group, which is next above the Kittan
ning group, though also within the Allegheny series. Sphenopteris Cre
pin;, which is probably present in the upper Kanawha group, is very 
closely related to Sphenopterts sagillata from Mazon Creek and S. 
ophioglossoides from the Des Moines series of Missouri. Sphenopteris 
Bronni, N6Vropterts tenuifolia, Sphenophyl/um cuneifolium and Cardio· 
carpus congruens are perhaRs the only species whose presence in the 
Caradons flora argues, on the one hand, for a horizon lower than that 
of Mazon Creek. The far more important and abundant evidence of 
the fern elements is, on the other hand, for a rather later date. 

The most interesting of the plants newly described from the Cara· 
dons beds are PI!Copteris Armasi and Plinthiotheca anatolica. The for
mer appears to form a connecting link between Pecopteris and Cal/ipter
idium. Plinthiothl!Ca is represented by thick, fleshy peltate or cyclop
teroid leaves, radiately densely vascular and covered by small' capsules 
arranged in fours in contiguous squares. These capsules are regarded 
by Professor Zeiller as sporiferous, rather than polleniferous; and the 
type is therefore tentatively raQged by him with the ferns instead of 
with the Doleropteroid gymnosf>erms. The examination of Zeiller's 
figures and a careful comparison of th~ types of .Dolerophyllum penn
sylvanicum in the Lacoe collection convinces me that the Herac1ean 
type is generically identical with that described from Pennsylvania by 
the late Sir William Dawson.' 

The generally close agreement mutually between Professor Zeiller's 
correlations of the Heraclean floras in Europe or this country with my 
own correlations of the Middle Pottsville, the Lower Kanawha, and the 
Allegheny series well illustrates the marked paleobotanical differ
entiation of the stages, and the regularity of the sequence, as well 
as the extraordinary geographical distribution of the several Middle 

'Can. Rec. Sci., Vol. VI, p.8, 1890. 
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Carboniferous floras. Of the 122 species contained in the collections 
from the three Heraclean stages not more than eleven are unknown 
in Europe or America. 

DAVID WHITE. 

Geologie et minlralogie appliqules. us minlraux utiles etleur gise
ments. Par HENRI CHARPENTIER. Pp. 643 + xi; illustrated, 
I2mo. Paris, 1900. 

This volume forms a part of the .Bibliotltttjue du Conducteur de 
Travaux Publics of France, and is published under the auspices of the 
ministers of public works, of agriculture, of public instruction, of 
commerce and industry, etc. Its title-page is followed by the Comit! 
de patronage, a list of thirty-nine prominent government officials, and 
by the editing committee with twenty-seven additional and equally 
distinguished names j then comes a preface written by the chief engi
neer of mines. 

A work upon economic geology, introduced with these impressive 
formalities and distinguished approvals, one naturally expects to find 
of unusual merit and importance. The general plan of the work is 
very like that followed by Fuchs and De Launay in their large and 
excellent Traiti des Giles min/raux et mltalliftres, published in 1893 ; 
but this work by Charpentier is evidently intended to be more elemen
tary and for a less instructed class of readers. 

The first seventy-four pages are devoted to general geology, min
eralogy and paleontology. In the second part the economic-geologic 
subjects are taken up in the following order: 

(I) Building materials, (2) Metallurgical minerals, (3) Carbon and 
its compounds, (4) Fertilizers, (5) Miscellaneous minerals, (6) Rare 
metals, (7) Precious stones. 

These topics are properly subdivided and treated separately, and 
at the end of each discussion is a list of bibliographic references that 
varies in length from one to thirty or more titles chronologically 
arranged. The economic geology of France naturally occupies the 
first place, but those of other countries are also treated at such length 
as to lead one to suppose that the book was expected to be useful 
outside of France. 

The bibliography given after each topic will appeal to busy read
ers as especially useful. In the preface it is stated that this bibliogra
phie fort complete will do away with tiresome searching for literature by 
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those who want to go deeper into the subjects treated. We venture to 
hope that the busy reader will be more fortunate in the use of these 
references than we have been. To one somewhat acquainted with the 
general literature of economic geology these lists are more remarkable 
for what they do not than for what they do contain. What must geolo· 
gists and mining engineers in any part of the world think of bibliog
raphies with such omissions as the following? Under Building Stones 
no reference is made to Merrill; under Copper no mention of Whit
ney, Irving, or Wadsworth; under Zinc no mention of Winslow; 
under Phosphates and Manganese no mention of Penrose; under 
Quicksilver no reference to Becker; under Petroleum and Natural Gas 
no mention of Carll or Orton; under Silver no reference to Emmons; 
and under Diamonds no mention of the writings of Derby. 

The references that are given are often quite irrelevant, and some
times wrong. For example under the list upon "combustible min
erals," p. 405, is this: .. 187 I. Hartt. La faunt carboni/tritnnt du Mis
souri(Neues Jahrb., p. 63)." The place cited contains a note by Louis 
Agassiz upon the Carboniferous fauna found by Hartt in South Amer
ica. There is not a word about Missouri, and as a matter of fact there 
is no coal in the South American Carboniferous area mentioned by 
Hartt. On p. 406 is this: .. 1878. Derby. Lt carboni/trim au Mis
souri (Neues Jahrb., p. 663)." There is no such article at the page 
cited, and I much doubt Professor Derby's having written such an 
article at all. On p. 538 the bibliography of kaolin gives a title by 
Fontannes. Upon looking up the article cited it is found to contain 
nothing about kaolin. In addition to these defects the typographical 
errors in the references render many of them worthless. 

The book seems to be intended for a sort of vadt mtcum cn eco
nomic geology, and as such it will be found helpful. It is of conven
ient size and neatly bound in flexible leather. 

J. C. BRANNER. 

Handbuck der Seenkunde. Allgemeine Limn%gie. Von DR. F. A. 
FOREL. Stuttgart: Verlag von ]. Engelhorn. 

This volume is one of the series of useful geographic handbooks 
published under the general editorship of Professor Dr. Friedrich Rat
zel. It brings together in concise, comprehensive, and readable 
form the general principles of limnology. 
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The first part of the volume is devoted to a discussion of lake 
basins, the discussion covering the origin of lake basins and of lakes, 
the obliteration of the basins, and 'the deposits made in them. 

The second and larger part of the volume deals with the waters of 
lakes. Here are included (I) Hydrology-supply and waste; (2) 
Hydraulics, including the pressure of the water, the levels of lakes, 
their changes, permanent and temporary, rhythmic and non-rhythmic, 
the waves, seiches, currents, etc.; (3) Chemistry, including the com
parative study of the waters flowing into the lakes, that in the lakes, 
and that flowing from them. Comparisons are also made with sea 
water j (4) The temperature of Jakes, including a discussion of sur
face temperatures, their areal and periodic variations, comparisons of 
the temperature of the surface water with that of the overlying air, and 
the temperature of the sub-surface waters; a section is also given to the 
freezing of the lake water; (5) Optics, including the penetration of 
light, the color of the water, reflection, refraction, etc., under various 
conditions; (6) The biology of lakes. Besides the more obvious topics 
considered in this chapter, a section is given to the origin of lacustrine 
societies, and another to the physiology of lacustrine organisms. 

In an appendix is given an outline for the prosecution of lacustrine 
studies, and also a bibliography. 

The volume is the best brief compendium on the subject with which 
it deals. R. D. S. 

A Preliminary Report on tke Artesian Basins of Wyoming. Bulletin 
45 of the Wyoming Experiment Station. By ~ILBUR C. 
KNIGHT. 

While this report is primarily a consideration of the artesian basins 
of the state, its first part is devoted to a summary of existing knowl
edge concerning the geology of the state. The following systems of 
rocks are represented: Archean, Algonkian, Cambrian, Devonian, 
Carboniferous, Permian, Triassic, Jurassic, Cretaceous, Eocene, Oligo
cene, Miocene, and Pleistocene. 

The Archean is found at various points in the mountain ranges. 
The Algonkian has a similar distribution, with a total maximum thick
ness, including some igneous rock, of 20,000 feet. Following the 
deposition of the Algonkian rock were great disturbances and eleva
tions, followed by a prolonged period of erosion. The late Cambrian 
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and late Ordovician periods are represented by relatively thin forma
tions, chiefly of limestone. The Ordovician is found only in the 
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During the Pleistocene there were very considerable glaciers in the 
Wind River, Absaroka, Shoshone, Big Horn, and Medicine Bow 
mountains, as well as in the Yellowstone Park. Glaciers also reached 
the state line from tqe Uinta Mountains. No subdivisions of the gla-
cial period have been made out. . 

The report is accompanied by an uncolored geological map, which 
is, we believe, the first geological map of the state which has been 
published. R .. D. S 

Die vierle Eiszeit im Bereicke der Alpen, von ALBRECHT PENCK. 

Vortrage des Vereines zur Verbreitung naturwissenschaft
licher Kenntnisse in Wien. XXXIX. Jahrgang. Heft 3, 

1899. 
In this little pamphlet, as the title implies, Dr. Penck recognizes 

four distinct epochs of glaciation (instead of three as heretofore) in the 
Alps. The additional epoch which is here added belongs to the 
earlier rather than to the later stage of the glacial period. The differ
entiation of these several epochs is based primarily on the topographic 
distribution of the deposits made by the waters which flowed from the 
ice, the deposits of the several epochs being so disposed as to show 
very considerable periods of erosion between the periods of fluvio
glacial deposition. 

This paper is of interest in that it helps to bring the phenomena of 
this somewhat isolated area of glaciation into still closer correspond
ence with the phenomena of the greater areas of glaciation in north
western Europe and North America. 

R. D. S. 
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]OUR.NAL OF GEOLOGY 
APRIL-MA Y, I90I 

THE CLASSIFICATION OF THE WAVERLY SERIES OF 
CENTRAL OHIO' 

INTRODUCTION 

PERHAPS it may seem strange that a consideration of the 
classification of the Waverly series' is proposed after the thor
ough investigations of the Ohio Geological Survey directed 
by Doctors Newberry and Orton. Their investigations gave the 
world the main facts concerning the economic and general geol
ogy of the state and the names of Newberry and Orton will be 
associated for all time with the geology of Ohio as those of 
Mather, Emmons, Vanuxem, and Hall are with that of New 
York, and Henry D. Rogers and Lesley with that of Pennsyl
vania. It is true of geology, however, as of other sciences that 
the scope is constantly widening so that a restatement of facts 
or, perhaps, another investigation of the whole subject, aided by 
later discoveries, may be required. At present this is especially 
true with reference to the stratigraphical geology of America. 
During the lifetime of Dr. Newberry the nomenclature of 

I Published by permission of Professor Edward Orton, Jr., state geologist of Ohio. 
Presented to the tenth meeting of the Ohio State Academy of Science, Columbus, 
December 27, 1900. 

• Series is used in the sense proposed by the International Congress of Geologists. 
See Work Inter. Congo Geologists, 1886, p. 50; GILBERT, in Proc. A. A. A. S., Vol. 
XXXVI, 1888, p. 186; and Congr~s G~ologique International (8e Session), Proc~s. 
verbaux des S~ances, 1901, p. 34. 

Vol. IX, NO.3. 205 
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geological formations was not closely scrutinized and there were 
very few clearly defined rules governing the naming of the vari
ous geological divisions. In general, the names referred to some 
locality in which the rocks were more or less favorably exposed. 
But this was not always the case, for not infrequently mineral
ogical or paleontological terms were used for the names of the 
divisions. Much the. same system prevailed du'ring the period 
of the more active investigations of Dr. Orton and it is only dur
ing the last few years that the movement has arisen to place the 
nomenclature of stratigraphical geology on a basis similar to 
that of the biological sciences. Two of the most potent influ
ences in this movement are the International Congress of Geolo
gists and the United States Geological Survey. The most 
important principles of nomenclature governing the United States 
Survey are: first, a formation is a lithological unit representing 
the physical conditions of deposition, and should be called by 
the same name so far as it can be traced and identified by means 
of its lithologic characters aided by its stratigraphic associations 
and its contained fossils. The formation shall receive a distinct
ive designation, the preferred form being binomial of which the 
first member is geographic and the other lithologic. When the 
formation, however, consists of beds differing in lithologic char
acter, so that no single lithologic term is applicable, the word 
" formation" shall be substituted for the lithologic term. The 
second principle is the rule of priority.' These two princi
ples of nomenclature have been very imperfectly observed in 
most of our stratigraphical geology and as recently 'as Decem
ber 1899, Dr. J. M. Clarke, state paleontologist of New York, 
and Mr. Charles Schuchert published a revised classification of 
the formations of New York in which a number of time-honored 
names were replaced by new terms.' 

REVIEW OF FORMtR CLASSIFICATIONS 

In 1838 Professor C. Briggs, Jr., the fourth assistant geolo
gist of the first geological survey of Ohio, proposed the name 

• Tenth Ann. Rept. U. S. Geol. Surv., 1890, pp. 64, 65. 

·Science. N. S., Vol. X, 1899, pp. 874-878. 
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"Waverly sandstone series" for the rocks occurring between the 
"argillaceous slaty rock, or shale stratum," now known as the 
Ohio shale, and the" conglomerate" which lies at the base of 
the Coal-measures. Waverly is the name of the capital of Pike 
county in southern Ohio and Professor Briggs stated that" As 
some of the most beautiful stones that have been obtained were 
quarried at Waverly, we may, for the present, denominate these 
rocks the Waverly sandstone series." I 

In the following report, for some reason, Professor Briggs 
used the term" fine-grained sandstone" in place of the Waverly 
in his descriptions of the geology of Hocking, Athens, and Craw
ford counties.' 

In the first report of the Newberry survey, Dr. Newberry and 
Professor Andrews revived the name, "Waverly sandstone." 3 

Professor Andrews stated that it consisted of " A group of sand
stones and shales, measuring on the Ohio River 640 feet in thick
ness (from the black slate to the base of the sub-Carboniferous 
limestone in the Kentucky hills), [which] rests conformably upon 
the black slate." ~ He further described a stratum of bituminous 
black shale 16 feet in thickness, 137 feet above the base of the 
group to which he gave the name" Waverly black slate." 5 It 
was also stated that between the Coal-measures and Waverly in 
Hocking county was "a group of comparatively fine-grained, 
buff-colored sandstone," I 33 ~ feet in thickness which was 
named the Logan sandstone."6 Below the Logan sandstone 
was given 8 5 feet of rocks which were stated to be composed of 
fine-grained sandstones alternating with conglomerates and this 

I First Ann. Rept. Geol. Surv. Ohio, p. 80. 

'Second Ann. Rept. Geol. Surv. Ohio, 1!!39, pp. 122, 130. See also his section 
of the'strata of Ohio, facing p. 109. The same term was used by Mr. Foster, another 
assistant; see pp. 76 and 103, and, facing p. 73. his" Geological section along the 
National road from the Scioto River to the eastern line of Muskingum county." 

3 Geol. Surv. Surv. Ohio, Pt. I, Rept. Progress in 1869, 1870, p. 21; Pt. II, p. 65. 

416id., Pt. II, p. 65. 516id .• p. 66. 

6/6id., p. 76. The" section on Hocking Ri ver" on the" map showing the Lower 
Coal Measures" at the close of this report gave the thickness of the Logan sandstone 
group as 144 feet. 
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division i.n some parts of the report is called the II Waverly con
glomerate." I Professor Andrews identified these two divisions 
in the Licking Valley and stated that II at Black Hand, near the 
east line of Licking county, the conglomerate is probably fifty 
or sixty feet thick, and over it lies, as we follow the dip to the 
southeast toward Zanesville, the Logan sandstone group. The 
Logan sandstone, with its characteristic fossils, is found to extend 
to a point between Pleasant Valley and Dillon's Falls, on the Bal
timore and Ohio Railroad." 2 

Dr. Newberry stated that the Waverly group, as it was then 
called, II In the northern part of the state . . . . is much less 
homogeneous [than in the southern part], and is composed of 
the' following elements: 

Feet 
Cuyahoga shale (dove-colored shale and fine blue 

sandstone) 150 
Berea grit (drab sandstone) - 50 
Bedford shale (red and blue clay shale) 60 
Cleveland shale (black bituminous shale) 3 20-60." 

This classification was repeated 'by Dr. Newberry in 1873 in 
his report on the geology of Cuyahoga county, with a revision 
of the thickness of the several divisions, as follows: 

Waverly group 

r Cuyahoga shale t Berea gri t -
Bedford shale 
Cleveland shale 4 

Feet 

- 150-200 
60 

75 
21-60 

At a later date the Cleveland black shale was referred by Dr. 
Orton and some other geologists to the Devonian system. The 
same classification for the Waverly was given by Dr. Newberry 
in 1874 under his description of the Carboniferous system.s In 
this volume Professor N. H. Winchell reported numerous out
crops of the Berea grit succeeded by the Cuyahoga shales and 

I See p. 135 and explanation of the" section on Hocking River" on the" map 
showing the Lower Coal Measures. n 

·llIid., p. 79. Also see ibid., Rept. Progress in 1870 [1871], p. 59. 

l/bid., Pt. I, Rept. Progress in 1869, p. 21. 

4 Rept. Geo!. Surv. Ohio, Vol. I, Pt. I, p. 184. 5 Ibid., Vol. II, Pt. I, p. 87. 
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sandstones in northern central Ohio in Crawford, Morrow, and 
Delaware counties.' This identification of Professor Winchell's 
is important because it carried correctly, for the first time, the 
Berea, grit with the overlying Cuyahoga shale from northern Ohio 
to the central part of the state. Dr. Orton published the 
descriptions of the geology of Pike and Ross counties in this 
volume, and gave the following subdivisions of the Waverly 
series: 

At the base are from 80 to 100 feet of the Waverly skales,~ a 
name apparently'proposed by him. This was followed by what 
he termed the Waverly Quarry System, with a thickness of 32 ~ 
feet, one mile south of Jasper.3 Immediately above the sand
stone is a black shale, from 16 to 27 feet in thickness, which, 
Dr; Orton stated, had been "designated by the chief geologist 
the • Cleveland skale' and by Professor Andrews the • Waverly 
black slate j'" ~ while the remaining part of the series, including 
everything" above the Waverly black slate and below the Car
bo'niferous series" was denominated the Upper Waverly, com
posed of shales and sandstones with a maximum thickness not 
exceeding 425 feet.s 

Meek in 1875, in giving the horizon of Discina (OrlJiculoidea) 
Newberry; Hall, stated that certain specimens came" from the 
Berea shale, a member of the Waverly group of the Lower Car
boniferous,"'; which is, apparently, the first usage of the name 
in a stratigraphical sense, although it does not clearly appear 
that Meek intended to separate the shale from the subjacent 
Berea grit. 

In 1878 Dr. Ortop's "Report on the geology of Franklin 
county" was published, and in it occurs a description of the 
Waverly group as far as represented in the county. The Huron 
shale, the youngest formation of the Devonian system, was 
described as closing with" a red or chocolate-colored band, from 

I Ibid., pp. 240, 259, and 280. 

• Ibid., p. 619. 'Ibid., p. 621. • ibid., p. 624. 5 ibid." p. 649. 

6 Rept. Geol. Surv. Ohio, Vol. II, Pt. II, Palreontology, p. 278. See also state
ments in explanation of Plate XIV. 
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15 to 20 feet in thickness." Outcrops of these red shales were 
mentioned as occurring at II Taylor's Station, in Jefferson town
ship, and at several points in Mifflin township, on the eastern 
bank of Big Walnut Creek. One exposure in particular may be 
named, which is very conspicuous, viz., the one seen in the slate 
cliff, opposite Central College." 1 

Dr. Orton's correlation of the divisions of the Waverly was 
as follows: 

Feet 

Waverly group of the 1 Cleveland shale - - IS 
sub-Carboniferous Waverly quarry system 60 

period Waverly shales' - - 10-20 

In the report above mentioned Dr. Orton said II the Cleve
land shale of Dr. Newberry, the Waverly black shale of Professor 
Andrews . . . . is known at but a single locality in the county, 
viz., at Ealy's Mills, in Jefferson township, on the banks of 
Rocky Fork. From 10 to 15 feet of this formation are here 
shown within the compass of an acre." 3 Dr. Orton further 
stated that Professor Winchell was in error in correlating the 
sandstone at Sunbury, Delaware county, with the Berea grit, his 
statement being as follows: "The Sunbury stone is erroneously 
referred in Vol. I [Vol. II] to a higher division of the Waverly, 
viz., the Berea grit, but it certainly belongs to the lowest of 
the sandstone courses of this formation." 4 The same volume 
contains the II Report on the Geology of Licking County," by 
M. C. Read, who described therein the upper Waverly of that 
county. The oldest division noted by Read was the Waverly 
conglomera/e, which was said to be II conspicuously exposed along 
the south bank of the Licking in Madison and Hanover town
ships, presenting abrupt, precipitous bluffs 20 to 40 feet high." 5 

The conglomerate was succeeded by the "olive shales," which 
were said to occupy II an interval of 150 to I go feet below the 
Carboniferous conglomerate," 6 and were described as composed 
mainly of shales, but with some II strata of massive sandstone." 

I Rept, Geol. Surv. Ohio, Vol. Ill, Pt. I, p. 638. 

0/6id., p. 639. 

3/bid., p. 642. 

4/6il., p. 642. 

5 Ibid., p. 360. 

6/bid., p. 359. 
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In July 1878 PrO'fessor L. E. Hicks, O'f DenisO'n University, 
announced "the discO'very [O'f] an unmistakable O'utcrO'P O'f 
Cleveland shale [which] exists twO' miles east O'f Sunbury in 
Delaware county, sO'uthern [central] Ohio, O'n the land of 
HO'race Whitney. It lies above the calcareO'us sandrock of the 
Sunbury quarries, which PrO'fessO'r N. H: Winchell, a special 
assistant O'f the OhiO' geO'IO'gical survey, identified as Berea grit. 
My discO'very demonstrates the incO'rrectness of that identifica
tion, and raises a strO'ng presumptiO'n, amounting almO'st to' a 
certainty, that he was equally wrO'ng in respect to his Berea grit 
in MO'rrow and CrawfO'rd counties." I PrO'fessO'r Hicks made nO' 
reference to' the classificatiO'n O'f the Waverly and identification 
O'f the Cleveland shale in Franklin cO'unty by Dr. Orton, and O'n 
the other hand Dr. Orton did not mention PrO'fessO'r Hicks' 
papers in any of his publications SO' J am unable to' state which 
article has priority. The September number O'f the same peri
O'dical cO'ntained a classificatiO'n O'f the Waverly grO'up in central 
OhiO' by PrO'fessor Hicks, which was stated to include the rO'cks 
lying between the HurO'n shales and the base O'f the CO'al
measures. The classificatiO'n is as follO'ws: 

s. Licking shales 
4. Black Hand conglomerate and Granville beds 
3. Raccoon shales 
2. Sunbury black slate 
I. Sunbury calciferous sandrock' 

Feet thick 

100-150 

85-90 

300 

10-15 

90 - 100 

The fO'llO'wing year Dr. OrtO'n published a "Note on the 
LO'wer Waverly Strata O'f OhiO''' in which fO'r the first time the 
Waverly black shale of sO'uthern OhiO' was cO'rrectly correlated 
with the black shale directly above the Berea grit in nO'rthern OhiO' 
for which the name Berea shale was proPO'sed. This furnished 
the key fO'r the cO'rrect cO'rrelatiO'n, between nO'rthern and south
ern OhiO', of the IO'wer fO'rmatiO'ns O'f the Waverly series, which 
was summarized in the fO'llowing table: 

• Am. Jour. Sci., and Arts, 3d ser., Vol. X V I. p. 71. 

-fIJi"., p. 2 [6. 
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NortherD Ohio Southern Ohio 

C d sandstone 
liferous beds fossiliferous 

(B . . I 

berry with Cuyah 
black shale 

Berea grit 60 ft. Waverly quarries and overlying 
blue shale • 60 ft. 

Bedford shale 7S ft. Waverly shale 90 ft. 

Cleveland shale Great black shale I 

. Orton publi al classificati 
W which he co mposed of th 
s ea grit, the B e Cuyahoga 
t e ogan group. The Cuya oga s a e, however, was restncte 
to the shales and fine-grained sandstones between the Berea 
shale and the base of the conglomerate and sandstone forming 
the upper part of the Waverly. This upper division was called 
the Logari group which was said to consist of the Waverly con-
g Logan sand rews as found 
in and Licking 0 the north 
s in Knox and ounties were 
w n sandstone.2 lassification 
Ii Orton in his I the Ohio sur 

In 1888 Professor C. L. Herrick, who had studied the 
paleontology and stratigraphy of the Waverly series of central 
Ohio more thoroughly than any of the former observers, pub
lished his conclusions. Professor Herrick had also studied the 
Waverly of northern and southern Ohio and rocks of similar age 
in a and weste , so that his 
ti tended to b 0 the rocks 

III, p. 139. 

urv., Ohio. Vol. V 

3lbid., Vol. VII, 1893 [1895J. pp. 26-35. 
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Ohio. The upper part of the series he correlated with the for
mations of the Mississippi valley and two quite persistent con
glomerate horizons were named Conglomerate I and II .. 

The classification is as follows: 

Cuyahoga or 
Waverly series 

1 Keokuk, 
Logan 100-ISO ft. 

(Conglomerate 11) 
Kinderhook, so-60 ft. 

(Conglomerate I) 

Burlington 

Berea or Tran
sition series 

( Weslern efJuiva
lenlof Upper 
Chemung) 

{

Waverly shale, 40 ft. 
Berea shale, 200-400 ft. 
Berea grit, so-60 ft. 
Bedford shale, So ft. 
Cleveland shale (local), So ft. 

Erie shale, 
Eastern or typical Chemung (lower part), 100 ft." 

In the above classificati~n the Berea shale included Dr. 
Orton's Berea shale and all of his overlying Cuyahoga shale 
except its fossiliferous upper 40 feet which, extending to the 
base of Conglomerate I, was called the Waverly shale. 

In 1889 Dr. Newberry stated that the Waverly group" where 
best seen, as in northeastern Ohio, . . . . is about 500 feet 
thick, and fills the interval between the Erie shale (Chemung) 
below and the Carboniferous conglomerate above." 3 The fol
lowing classification of the Waverly group was given: 

I. Cuyahoga shale 
2. Berea shale 
3. Berea grit 
4. Bedford shale 
S. Cleveland shale' 

Averqe Ihlckaeas 
1.,..1 

- 230 

20 
60 

75 
- . 50 

I Bull. Sci. Lab., Denison University, April 1888, Vol. III, p. 24; see also section 
on p. 26. 

2J6id., December 1888, Vol. IV, pp. lOS, 106. The zones of these formations 
with their characteristic fossils and thickness are given in detail on pp. 99-101. 

3Mon. U. S. Geo!. Surv., Vol. XVI. The Paleozoic Fishes of North America, 
p.120. 

4 Loc. cit. 

• 
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It will be noticed that Dr. Newberry accepted the separation 
of the Berea shale from the Cauyhoga shale; but did not accept 
the reference of the Cleveland shale to the Ohio shale. This 
point he discussed quite fully and stated that the union of the 
Cleveland, Erie, and Huron shales to form the Ohio shale seemed 
unwarranted.' Dr. Newberry referred to Professor Hicks 
announcement of the discovery of the Cleveland shale in Dela
ware county, saying in conclusion: .. I think he has found 
there the Berea shale, which lies immediately above the Berea 
grit." 2 

In 1891 Professor Herrick reviewed the general stratigraphy 
of the Waverly series, commencing with the Bedford shale. 
The lower boundary of the Waverly, however, he thought" must 
be found in the Berea grit, which . . . . is a sharply limited 
and easily recognizable horizon throughout Ohio." 3 The Berea 
grit came next, followed by the Berea shale, which, he states, is 
a term "conveniently applied to the thin band of bituminous 
shale above the grit, and perhaps should not be extended (as 
the writer has done in a previous paper) to the gray and blue 
shales above." 4 For the overlying rocks he used the name 
Cuyahoga shale in the sense in which it was used by Dr. Orton, 
except that the upper 40 feet, as in the previous paper, was 
called the Waverly shale. This division was stated to be 
stratigraphically continuous with the Cuyahoga shale which it 
also resembled lithologically, but paleontologically it more 
closely resembled the succeeding division or Kinderhook. The 
last division was called the Burlington and Keokuk. 

REVISED CLASSIFICATION 

This concludes the review of all the important papers pub
lished concerning the classification of the Waverly series of 
central Ohio. As a result of this study followed by an exami
nation of the formations in the field, the writer proposes the 
following classification for the Waverly series of central Ohio. 

'16id., p. 128. 

"Ibid., p. 129. 

J Bull. Geol. Soc. Amer., Vol. II, p. 35. 

416id., p. 35. 

• 
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No attempt is made, however, to correlate the formations with 
those of the sub-Carboniferous of other states: 

Feet 
6. Logan formation (Andrews) J 15 
5. Black Hand formation (Hicks) 40-{ 120?) 
4. Cuyahoga formation (Newberry) 275-300 
3. Sunbury shale (Hicks) 10-15 
2. Berea grit (Newberry) 40 
I. Bedford shale (Newberry) 85+ 

Bedford skale was named by Newberry in 1870 I from the 
outcrops at Bedford, southeast of Cleveland, at which place, he 
later states, the best exposure occurs.' The term II Bedford 
rock" appears in Richard Owen's description of the geology of 
Lawrence county, Indiana, published in 1862; 3 but it was not 
used as the name of a geological division. This interpretation 
is apparently confirmed in the subsection of the report devoted 
to the general description of the sub-Carboniferous limestone 
where the term" Middle or Lawrence-Crawford sub-Carbonif
erous limestone" 4 is proposed, a name evidently employed to 
denote a geological division. Mr. E. R. Cumings, of Indiana 
University, informs me that the Bedford oolitic limestone belongs 
in this division. 5 Writers since Owen have used the terms 
II Bedford stone," II Bed ford oolitic stone," and other names for 
the rock, which was finally excellently described in 1896 by 
Hopkins and Sieben thai under the formation name of the" Bed
ford oolitic limestone."6 It is the opinion of the writer, how
ever, that the term" Bedford shale" used by Dr. Newberry as 
the name of a formation in 1870 is the one that should stand 
and the Indiana formation name of Bedford oolitic limestone 
should be dropped. Since the above was written Mr. E. R. 
Cumings has proposed the name, Salem limestone, for the 
Bedford oolitic limestone of Indiana.7 

'Geol. Surv. Ohio, Pt. I, 1870, p. 21 • 

• Rept. Geol. Surv. Ohio, Vol. I, Pt. I, 1873, p. 189. 

3 Rept. Geological Reconnoissance of Indiana during 1859 and 1860, p. 137. 

4/6itl., p. 125. 5 Letter, January 13. 1901. 

6 Twenty-first Ann. Rept. Ind., Dept. Geo!. and Nat. Resources, pp. 291, 298. 

7 Am. Geol., Vo!. XXVII, March 1901, p. 147. 
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This formation succeeds the Ohio shale, and as the Cleveland 
and Erie shales are supposed not to extend to central Ohio it 
probably rest uron shale in unty. The 
lower part of n in this coun own on the 
eastern bank t Creek east Uege where 
the following rs : 

NO.7. Till and soil 
6. Fine green argillaceous shale. Bedford sna/e 
5. Mixed chocolate and greenish shale, mostly 

olive color 
4. Chocolate shale composed of fine clay 
3. Fine e argillaceous 

Near ales containing 
Base 

2. Fine ntaining small 

Total thicbeu 
feet feet 

5 87" 
7 82" 

7" 75" 
2I~ 68 

46~ 

tions 29 
I. Cove ig Walnut Cree 4" 

The greater part of the formation is shown on Rocky Fork, 
commencing about one and a half miles east of Gahanna and 
continuing up the creek for a mile. About one fourth mile up the 
creek from the ford on the north and south road is an outcrop, on 
the southern e feet of blac is nearly at 
the top of t ale. A shor rther up the 
creek is a hig ch gives the tion : 

NO.3. Till 
2. Fine chocolate shales of the Bedford 7 
I. Bedford sna/es. The upper part is somewhat 

sandy but the grains are very fine, and the 
lower part is composed of greenish to bluish 

Total thlckDeu 
feet 

28~ 

22~ 

argillaceous shale. Creek level - 1 5 ~ 

At the se 
following sec 

NO.2. Till 

the west of 

I. Choc us shale which 

ridge is the 

eu Total thlckaeu 
feet 

36 

to a red clay. Bedford sna/e. Creek level . 28 ~ 28 ~ 

yGoogle 



WAVERLY SERIES OF CENTRAL OHIO 217 

To the east of the bridge the base of the till is much lower 
than on the western side and there is a marked line of uncon
formity between the till and Bedford shale. Two hundred and 
twenty-five feet east of the above section is the following, which 
shows an irregular surface on which the till was deposited: 

ThlcJoa_ Totaltblcka_ 
. feet feet 

NO.2. Till with beds of sand - - 49}) 54 
I. Bedford chocolate shale. Creek level - 4 % 4 % 

The covered interval between this bank and the next one is 
extensive enough to hide the top of the chocolate shale and the 
bluff is composed of grayish shales of the upper Bedford capped 
by the Berea sandstone. The following section is shown on the 
western bank of the creek below a tree: 

Thlcka_ Totalthlckn_ 
f..et feu 

NO.4. Till 5 56~ 
3. Grayish sandstone layers about one foot thick. 

Berea sandstone - 1 4 5 1 ~ 
. 2. Sandy. fine-grained shales with argillaceous 

ones above and below - 9t4 37 ~ 
I. At the top a sandy concretionary layer 2 ± feet 

thick. Shales mostly grayish and argillaceous. 
In the lower part are spots of reddish-gray 
shale somewhat similar to the mottled shale 
NO.5 east of Central College. Level of creek 27 t4 27 t4 

The Bedford shale includes the red band from 15 to 20 feet 
in thickness, which Dr. Orton, in his report on Franklin county, 
considered the upper part of the Huron shale; 1 the gray shale 
between the red and black Huron shales which was not men
tioned in the county report; and the Waverly shales." 

2. BeTea grit was named by Dr. Newberry in 1870, from the 
large quarries at Berea. southwest of Cleveland.3 It is well 
shown on Rocky Fork, to the north of the outcrops of the Bed
ford shale and on the banks of Big Walnut Creek about one mile 
northeast of Sunbury, Delaware county. There are beautiful 
examples of ripple marks in the sandstone at both of these locali
ties. On the eastern bank of Rocky Fork is an exposure of 31 ~ 

• Ibid.. Vol. III. Pt. I. p. 638. "Ibid., p. 639. ] Geol Surv. Ohio. Pt. J, p. 21. 
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feet of gray. thin bedded Berea sandstone, some of the layers a 
foot or more in thickness, with som~ partings of clay shale below 
which are 8 fe edford shale laceous and 
partly arenac the upper layers of 
sandstone. T of the Berea n this creek. 
s about 40 f upper part a y is a small 

quarry. On bank of the etween the 
railroad and highway bridges, one mile northeast of Sunbury, 
there is from 26 to 30 feet of it shown in the vertical 
cliff. This formation is called the" Waverly quarry system" in 
the report on Franklin county,' and the "Sunbury Calciferous 
sandrock" by P f H' cks.· 

3. Sunbury named by Pr s in 1878. 
from outcrops ke Creek on t m of Amos 
Whitney, abo east of Sunbu f the Whit-
ney house t outcrop of this black 
shale on the northern bank of the creek, and It may be seen at 
irregular intervals for some distance down the stream. A single 
specimen of a Lingula was the only fossil found, but the lower 
part of the shale is concealed and the top of the Berea grit 
crosses the creek a little below the house of Mr. W. P. Swallow. 
There is a m xposure on R n Franklin 
county, where of the shale shown just 
above the hig n the David The lower 
2 feet of the v ous shale is e ining abun-
dant specimen melie Hall, an a Newberry; 
Hall, together with fragments of fish bones and teeth. Farther 
up the creek 8 + feet of the shale is shown on the western bank 
resting on the Berea grit. 

This shale was first inappropriately named 
black slate" A d in 18703 bec' th 
had already r the larger 
his shale. G enclature is 

pose of elimin eventing the d 

'Ibid., Vol. II m. Jour. Sci., ~d 

3 Geol. Surv. Ohio, Pt. II, 1870, p. 66. 

the .. Waverly 
m Waverly 
ch includes 
for the pur· 
geographic 
216. 
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names of stratigraphic divisions of the same or different rank. 
The name Berea shale, proposed by Dr. Orton in 1879,' is 
excluded, first, by the law of priority, since Sunbury shale was 
published and defined by Professor Hicks the preceding year, 
and second, because Berea had been used in 1870 by Dr. New
berry for the name of a formation. The division termed the 
Cleveland shales in the report on Franklin county is the Sun
bury shale.· 

4. Cuyahoga/ormation (shale) was the name given by Dr. New
berry in 18703 to "the uppermost member of the Waverly group" 
an,d was described as crossing Cuyahoga county and forming 
the banks of the Cuyahoga River to the Cuyahoga Falls .• 
Originally the Sunbury shale constituted the lower part of this 
formation, and in 1888 Dr. Orton separated the coarser deposits 
of conglomerate and sandstone in the upper part of the Waverly, 
as found in central and southern Ohio, from this formation, under 
the name of the Logan group,S and said this" upper member of 
the series [Waverly] is wanting in the Cuyahoga Valley, or is at 
least very inadequately represented there."6 

Professor Herrick in 1891 from paleontological and strati
graphical evidence showed that this upper part of the Waverly 
is wanting in northern Ohio, and said: "We can positive I y 
assert that the Cuyahoga shale as represented in the northern 
tier of counties is identical with that part of the Waverly lying 
below Conglomerate I . . . . of central Ohio. The fossiliferous 
horizons of Granville, Newark, Rushville, and Winchell's Division 
4, on the Ohio River, are all above the top of the Cuyahoga." 7 

Finally, Professor Herrick stated in 1893 that in the" north
ern localities the calcareous, concretionary layer, which has 
yielded so abundant a fauna in central Ohio, was discovered at 

I Am. Jour. Sci., 3d ser., Vol. XVIII, p. 138. 

• Loc. cit., pp. 639, 642. 4 Rept. Geol. Surv. Ohio, Vol. I, Pt. I, p. 18S. 

3Geol. Surv. Ohio, Pt. I, p. 21. S16id., pp. 37, 39. 616id., p. 39. 

7 Bull. Geol. Soc. America, Vol. II, p. 37. See also the section of Cuyahoga 
Valley and Bedford, on p. 40, where it is stated that" This entire series [upper part 
of the Waverly] is absent in the northern tier of counties to the base of Conglom
erate I." 
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a distance of 40 feet beneath the Coal Measure conglomerate 
and most of the characteristic species re-collected. This served 
to settle the question conclusively except for the few feet above 
this horizon.'" 

The present writer considers the Cuyahoga shales of central 
Ohio as composed of the shales and sandstones occurring 
between the top of the black Sunbury shale and the base of the 
coarse deposit called by Professor Herrick Conglomerate J. In 
this formation, therefore, is included the 40 feet of fossiliferous 
sh<!les immediately underlying Conglomerate I of Professor 
Herrick which he called the Waverly shale! Should a separa
tion of this shale from the Cuyahoga prove necessary it would 
require a different name, because Waverly had already been 
used-first, as the name of a series; second as the name of the 
conglomerate in central and southern Ohio; third, as the name 
of the black shale in southern Ohio; fourth, as the name of the 
sandstone in the vicinity of Waverly; and fifth, the identical 
term Waverly shale by Dr. Orton for the lowest division of the 
series in southern Ohio.3 

This formation was called the Raccoon shales by Professor 
Hicks, who said: II It appears in force all along Raccoon 
Creek and its tributaries, and extends westward into Franklin 
and Delaware counties. "4 I ts thickness was estimated by 
Professor Hicks as 300 feet, while Professor Herrick stated 
that II the Cuyahoga proper is never more than 200 feet 
thick." 5 

In central Ohio the Cuyahoga formation is composed largely 
of bluish to grayish shales and buff sandstones which are fairly 
well exposed on Moot's Run and other streams in the western 
and central parts of Licking county . 

• Rept. Geol. Surv. Ohio, Vol. VII, 1!!93, pp. 502, 503. 

··Bull. Denison Univ., Vol. IV, 1888, p. 107. 

3 Rept. Geol. Surv., Ohio, Vol. II, Pc I, 1874, pp. 619, 648; and Figs. I and 2 of 
the report on Pike county. 

4 Am. Jour. Sci., 3d ser., Vol. XVI, 1878, p. 219. 

5 Bull. Geol. Soc. Amer., \'01. II, 1891, p. 38. 
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5. Black Hand formation (conglomerate) is the name given by 
Professor Hicks in 1878 to the deposits of coarse sandstone and 
conglomerate exposed at Black Hand in the gorge of the Licking 
River and about Hanover.' Both of these localities are in Hanover 
township, in the eastern part of Licking county. We find, as in 
the case of most conglomerates, that when this formation is 
followed for some distance there are quite decided differences 
in the lithologic character of the rocks. In the vicinity of 
Newark and Granville they are mainly sandstones, with some 
layers of shales and two comparatively thin strata of conglom
erates. Professor Hicks states that these beds are well exposed 
at Granville and are only a local modification of the Black 
Hand conglomerate, and for convenience he designated them 
.. the Granville beds.'" Professor Andrews in 1 870 called this 
division the Waverly conglomerate; 3 but this name was preoc
cupied, because Waverly had already been used for the name of 
the series. He correlated the conglomerate at Black Hand 
with that of the Waverly and gave its thickness at that locality 
as probably 50 or 60 feet.· 

At Havens' quarries, on the farm of Mr. G. W. Havens, one 
and one half miles southeast of the central part of Newark, is a 
good exposure of the sandstone phase of this formation. The 
section begins in the conglomerate stratum on the bank of 
Quarry Creek below the quarries, where an excavation has been 
made in prospecting for gold, and continues to the top of the 
bank above the quarry on the eastern side of the run. The 
quarry on the western side of the creek is shown in Fig. I, the 
lower part of which is in the Black Hand and the upper the 
Logan formation. 

'Amer. Jour. Sci., 3d ser., Vol. XVI, pp. 216, 217. 

·/lIid., p. 218. 

3GeoI. Surv. Ohio, Pt. II, p. 135, and on the explanation of the "Section on 
Hocking River" of the" Map showing the Lower Coal Measures." 

4/6id., p. 79. 
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222 CHARLES S. PROSSER 

FIG. I.-Havens quarry on the western bank of the stream. The lower part 
shows the massive sandstone of the Black Hand formation, the top of which is 
Herrick's Conglomerate II. indicated by the two upper students. Succeeding Con
glomerate II the lower part of the Logan formation is shown. 
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SECTION AT HAVENS' QUARRY 

Thiclcneu Totalthiclcneaa 
feet feet 

NO.9. Till and soil - 2 75 
8. Alternating shales and sandstone - - 1 4 ~ 73 
7. Massive bull sandstone splitting into many 

layers - 16 58 ~ 
6. Bluish argillaceous shales 4 ~ 42 ~ 
5. Conglomerate stratum No. II of Herrick; aver-

age thickness 1 1 inches - 38 
4. Bluish fossiliferous shales containing numerous 

specimens of S/JirojJhytqn and other fossils; was 
called the "Allorisma layer" by Herrick - 6 ~ 37 

3. Grit containing a few fossils - J.i 30 ~ 
2. Light gray to bull fine-grained sandstone, which 

is called freestone and quarried. This forms 
a massive zone which splits into several layers. 
The upper 8 feet of this zone is shown in this 
quarry, and, at the base in the gold-mine open
ing, nearly 3 feet of drab argillaceous shale, 
below which is 3 ~ feet of coarse-grained bull 
sandstone. In the Havens quarry, on the west
ern side of the creek, nearly 20 feet of this sand
stone is shown, and in the Vogelmeier quarry, 
one and one half miles south of Newark, 27 feet 
of sandstone, separated by a 5-inch bluish shaly 
layer 9 feet below the top. In certain layers 
of this sandstone fossils are common, especially 
Syringothyris cusjJidatus (Martin). 

I. Conglomerate stratum, 3 feet thick. Sandstone 
parting, 7 inches. Massive conglomerate with 
quite large pebbles, which are coarser than in 
the upper layer. Level of creek (Conglomerate 
No. I of Herrick) - 5 5 

From the freestone No. II of the above section the follow-
ing species were collected: 

I. Synngothyris cusjJidatus (Martin) (c). 
2. SIJirif~r W,nchdli Herrick. 
3. CrmijJ~ctm Winchdli (Meek) (c). 
4. Plalyc~ras H~rt:r~ri Winch (r). 
5. Chon~t~s jJulch~lIa Winch (rr). 
6. RhijJidomdla (Orthis), d. Michdina L'Eveille (c). 
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7. Crypton~lla ~udora Hall (rr). 
8. CamarotO!cltia marsltallmsis (A. Winch) ? (rr) 

The Allorisma shales No. IV contain the following species: 
I. Allorisma'llmtricosa Meek (rr). 
2. Sanguinolit~s (?) obliguus Meek (r). 
3. Sanguinolites O!olus Meek (r). 
4. Sanguinolit~s sp. 
S. CamarotO!cltia marsltallmsis (Win.) (?) or C. Cooper; Shum. (?) 
6. Allorisma Wincltelli Meek (c). 
7. Sanguinoliles naiadijormis Winch. (r). 
8. Protltyris Muki (Winch) (r). 
9. Spiro/Jllyton cf. crassum Hall (c). 

10. Syringotltyris cusjJidatus (Martin) (rr). 
II. Liopteria sp. (rr): 
12. Discina (Orbiculoidea)pleun'tes (Meek) (?) (rr). 

Professor Andrews did not definitely indicate the bounda
ries of the Waverly conglomerate; neither did Professor Hicks 
those of the Black Hand conglomerate and Granville beds. 
The thickness of the conglomerate near Hanover was given as 
from 85 to go feet, J and that of the Granville beds as from prob
ably 25 to III feet.· 

The Fucoid layer (No. 4c) of Hicks' Granville beds is the 
same as the "Allorisma layer" of Professor Herrick's and NO.4 
of the Havens section. Division No.2 of Professor Herrick's, 
which he called the Middle Waverly or Kinderhook, was clearly 
defined by Conglomerate No. I at the base and Conglomerate 
No. II at the top,3 and by its fossils correlated with the Kinder
hook formation of the Mississippi valley. This formation is 
apparently quite well marked by these two conglomerate strata 
in the vicinity of Newark, and Professor Herrick identified Con
glomerate II in sections from Ashland county to Sciotoville on 
the Ohio River,· and later states that the Allorisma shale is "very 
persistent and well limited, even when the Conglomerate (No. 

I Am. Jour. Sci., 3d ser., Vol. XVI, p. 217. 

·/6id., p. 21g. The statement is not clear, and.85 feet possibly represents the 
minimum thickness. 

3 Bull. Denison Univ., Vol. IV, 1888. pp. 105. 106. 

4/6i". See sections on p. 102. 
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II) is absent, having been traced from Sciotoville to the northern 
_ exposures in Wayne county." I Conglomerate No. I seems less 
persistent than No. II, but below the freestone there are gen
erally thick shales, so that the base of the formation is quite dis
tinct stratigraphically. 

In the vicinity of Hanover and in the gorge of the Licking 
River at Black Hand are excellent exposures of the conglom
erate phase of the formation. Below Hanover, on the western 

FIG. 3.-Ledge of Black Hand conglomerate below Hanover. 

side of Rocky Fork, is a fine cliff of the conglomerate 80 feet 
high, which is shown in Fig. 3, while apparently its top, as 
shown by partial exposures in the field above the brow of the 
cliff, is some 35 feet higher. Professor Hicks gave the thick
ness of the Black Hand conglomerate at Hanover as from 85 
to go feet,' and Professor Herrick reported that in the region 
about Clay Lick station, in Hanover township, .. is a great 
development of the conglomeratic phase of the Waverly. One 
half mile east of Clay Lick there is a nearly continuous exposure 
of about 100 feet of alternating conglomerate and coarse sand
stone of prevailingly red color." 3 

I Bull. Geol. Soc. America, Vol. II, 1891, p. 38. 

• Am. Jour. Sci., 3d ser., Vol. XVI, 1878, p. 217. 

3 Bull. Sci. Lab. Denison Univ., Vol. 11,1887, p, 15. 
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To the east of the Hanover railroad station is a cut in which 
the contact of the Black Hand conglomerate and overlying 
Logan sandstone is nicely shown. To the south of the cut and 
highway is the quarry of the Hanover Pressed Brick Co. in the 
shales of the Logan formation. The section from the railroad 
to the top of the quarry is as follows: 

ThIckness 
feet 

NO.4. Mainly blue to drab argillaceous shales with 
some bands of sandstones which vary from 

Total thickness 
feet 

7 inches to perhaps a foot in thickness - 20 92 

3. Covered - 18 72 

2. Buff shaly thin bedded sandstones containing 
fossils which are well shown in the upper part 
of the railroad cut in the vicinity of the high
way bridge. Lower part of the Logan sand
s/one which is separated by quite a sharp line 
from the massive grit to conglomerate below. 
There are some thin layers of conglomerate 
hear the base of the Logan sandstone. 22 S4 

I. Massive grit to conglomerate which forms the 
lower portion of the cut. Part (If the rock is 
a buff grit and the remainder a conglomerate 
some of the pebbles of which are quite large. 32 32 

BLACK HAND CONGLOMERATE 

The Black Hand conglomerate named from the cliffs in the 
gorge of the Licking River, known as the Licking Narrows, 
begins a short distance above the station of Black Hand on the 
Baltimore and Ohio Railroad! On the north side of the river 
rather more than a quarter of a mile above the bridge are two 
conspicuous cliffs, the lower one called Red Rock and the upper 
one Black Hand which is shown in Fig. 4. On the southern 
side of the river is a railroad cut which shows finely the contact 
of the Black Hand conglomerate and the Logan sandstone. To 
the west of the cut at a distance of about one half mile from the 
station is a prominent cliff in one part of which is the E. H. 

I For a description of the topography of this region and the former as well as the 
present gorge of Licking River, see Professor W. G. Tight's paper in Bull. Sci. Lab., 
Denison Univ., Vol. VIII, Pt. II, pp. 36-43. and Pis. I, II. 
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Evertts & Co. quarry for glass sand. The following section was 
measured at this locality from the level of Licking River to the 
top of the cliff. 

SECTION OF SOUTHERN BANK OF LICKING RIVER AT EVERTTS & co. 
QUARRY 

Thickness Total IhickDes. 
feel feet 

No.6. Till 7 101 

5. Thin, irregular bedded, drab or bluish sand· 
stone and bluish argillaceous shales. In 
places at the bottom is a 3·inch clay shale 
resting on the massive conglomerate with a 
sandstone to conglomerate layer above. 
Lower part of the Logan sandstone - 22 94 

4. A coarse conglomerate stratum at the top of 
the conglomerate which in places is II inches 
thick. The top of the Black Hand conglom-
erate - 72 

3. Gray to drab coarse grit, which in places is a 
conglomerate that is worked for glass sand. 
This forms the upper part of the main cliff - 21 71 

2. Coarse grit and conglomerate to the base of 
the' cliff at the Crusher 16 50 

I. Mostly covered bank below the Crusher but 
.all in the conglomerate as shown by expo
sures a little farther down the river. Level 
of Licking River - - 34 34 

6. Logan formation (sandstone) was named by Professor 
Andrews in 1870 from outcrops in Hocking county near Logan,' 
and was stated to overlie the conglomerate at Black Hand and to 
extend down the Licking Valley" to a point between Pleasant Val
ley and Dillons Falls." 2 This division was named the Licking 
shales by Professor Hicks, who states that they are well developed 
in the hills bordering Licking River from Newark to Black Hand, 
100 to 150 feet in thickness, and "lie 70 to 80 feet above the water 
level, forming the middle of the slope of these hills, the base 
being composed of the massive Black Hand conglomerate and 
the upper slopes and summit of the various strata of the Coal 

• Geo). Surv. Ohio, Part II, pp. 76,79. • IlIiti., p. 79. 
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Measures." I This formation is Division 3, or the Upper Waverly 
of Professor Herrick, which he gave as 80 feet in thickness in 
Licking county and which, from the fossils, he correlated with 
the Burlington and Keokuk of the Mississippi valley." 

In 1888 Dr. Orton united the Waverly conglomerate and 
Logan sandstone of Andrews to form the Logan group.3 If it 

FIG. 4-Black Hand rock in the gorge of Licking River. 

be advisable to make one formation of these two divisions, the 
above name is inappropriate because the Logan sandstone of 
Professor Andrews clearly referred to the upper division only, as 
has been noted by Professor Herrick.4 

The above ruling is believed to represent the position of the 
United States Geological Survey, as shown by the following 
quotation from a recent letter of Mr. Bailey Willis, assistant in 

I Am. Jour. Sci., 3d ser., Vol. XVI, 1878, p. 216. 

"Bull. Denison Univ., Vol. IV, 1888, pp, 99.100. 

1 Rept. Geol. Surv .• Ohio, Vol. VI, p. 39. 

• Bull. Geol. Soc. Amer .• Vol. II, 1891, p. 38. 
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geology to the Director of the United States Survey and Geolo
gist in charge of Areal Geology, to whom these questions in 
nomenclature are referred: 

The survey distinctly recognizes the right of priority, that is to say, the 
name first applied to a well defined geologic unit is to be preferred. The 
qualifying conditions, on account of which the name may be rejected and one 
of later application used, are (I) that the name has been previously applied 
to some other unit, and (2) that the unit to which the name was applied was 
not well defined. 

Thus, in the case which you cite, the term Waverly conglomerate 
(Andrews) would not hold if Waverly had previously been used for some
thing else, and by application of the same rule Waverly series should be dis
carded if Waverly conglomerate had priority. The Logan group (Orton) 
should not stand as opposed to Logan sandstone. 

In these questions there is often a personal element which makes it a 
matter of regret that some desirable name should not be adopted, but we feel 
that the advantages of clearness and definition in science must be superior to 
such conditions, and that the rule should be rigidly applied.' 

Dr. George H. Girty, of the United States Geological Survey, 
who has been engaged for several years in a thorough study of 
the stratigraphy and paleontology of the Waverly series in Ohio, 
Michigan, and Pennsylvania, concurs in regarding the upper part 
of the series in central Ohio as composed of two formations, as 
may be seen from the following quotation: 

I have seen the Logan group at Logan and vicinity and also at various 
points in Licking county. I quite concur with you in regard to the separate
ness of the two component members in central Ohio at least, and am in 
uncertainty as to the reasons which led Professor Orton to unite the two beds 
under a common name." 

The lower part of this formation is well shown in the Vogel
meier and Havens quarries, where Conglomorate II is succeeded 
by from 4 ~ to 6 feet of greenish-gray to bluish argillaceous 
shales, and these are followed by from lito 17 feet of quite 
massive buff sandstones, capped by alternating shales and sand
stones, I 8 ~ feet of which are shown at the top of the Vogel
meier quarry. There are fair exposures of the remaining part of 
the formation in " the gorge" to the east of the Havens quarry, 

'Letter of December 18, 1900. • Letter of January 5, 1901. 
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partly in the bank of the creek and partly by the roadside, where 
85 feet of buff arenaceous shales to thin bedded sandstones are 
shown. This gives about 115 feet for the thickness of the for
mation, which is capped by the Coal-measure conglomerate 
where the road and creek emerge from the woods. In sections 
farther to the south and southeast the top of the Logan sand
stone is defined by the base of the sub-Carboniferous limestone, 
named by Professor Andrews the Maxville limestone. 

COLUMBUS, 01110, 

December, 1900. 

CHARLES S. PROSSER. 
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THE USE OF BEDFORD AS A FORMATIONAL NAME 

IN a paper about to be published by Professor Charles S. 
Prosser it will be stated that the "Bedford shale was named by 
Newberry in 1870' from outcrops east of Cleveland at which 
place, he later states, the best exposures occur." It will be fur
ther stated that the term " Bedford rock" as used by Owen 2 for 
a portion of the Sub-Carboniferous limestone of Indiana was evi
dently not intended as a formation name. 

In the citation of Owen's use of the term Bedford rock lies 
the basis for the present use of the name Bedford for the 
Indiana formation. In the later reports of the Indiana Geo
logical Survey, down to the Twenty-first Annual Report, the 
name Bedford is not applied to these rocks; but in the Fifteenth 
Annual Report the name Salem rock 3 is used, though not as a 
formation name, and again in the Seventeenth Report, Salem is 
said to afford the II best exposure for study [of the oolitic lime
stone] from the geologist's point of view.". In the Fifteenth 
Report (toe. cit.) a section of the Salem Stone and Lime Com
pany's quarry one half mile west of Salem is given as follows: 

Soil and rubbish -
Dark blue, bituminous limestone (bastard) 
Gray oolitic quarry stone 
Blue cry~talline limestone 

- 3 feet 
6 " 

- 30 " 

6 " 

Total - - 45 feet 

The oolitic character of the rock is said to be especially well 
shown in this section. 

Since the term Bedford as the name of a formation is pre-
occupied, having been applied to the "Bedford shale" of 

I Geol. Surv. Ohio, Part I, Rept. Progress in 18b9, 1870, p. 21. 

• Geol. Recon.Indiana, 1862, p. 137. 

3Ind. Geol. and Nat. Hist., Fifteenth Ann. Rept., p. 143. 

4 Indiana, Dept. of Geol. and Nat. Resources, Seventeellth Ann. Rept., p. 47. 
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northeastern Ohio in 1870, the writer proposes the name Sa/em 
limestone for the rocks called Bedford limestone by Hopkins and 
Siebenthal. ' The so-called bastard limestone of the quarrymen 
is to be considered as the base of the formation next above 
(Mitchell); and the base of the Salem formation is to be taken 
at the top of the Bryozoal limestone that throughout its entire 
extent constitutes the upper zone of the Harrodsburg limestone 
as defined by Hopkins and Siebentha1.2 

In suggesting a different name for the rocks under consid
eration the writer is aware of the claims of Spergen hill. The 
latter place is, however, chiefly known as having afforded 
the extensive series of fossils described by Hall 3 and later 
redescribed and figured by Whitfield,4 and is not so good a place 
for studying the stratigraphic relationships of the formation as 
a number of other localities. Moreover, the Spergen hill fauna 
is confined to parts of the formation, and in many localities 
would be of scarcely any service in identifying it. The oolitic 
character of the rock, on the other hand, while more pronounced 
at some places than at others, everywhere serves as a means of 
identification and is the character that is especially well devel
oped at Salem. Finally, as indicated above, the name Salem has 
been associated with the oolitic limestones in the Indiana reports 
since 1885. 

DEPARTMENT OF GEOLOGY, 

INDIANA UNIVERSITY. 

EDGAR R. CUMINGS. 

'Indiana, Dept. of Geol. and Nat. Resources, Twenty-first Ann. Rept., 1896, p. 
298. 

·/6id. 

lTrans. Alb. Inst., Vol. IV; Indiana, Dept. Geol. ~nd Nat. Hist., Twelfth Ann. 
Rept. 

4 Bull. Am. Mus. Nat. Hist., Vol. I, NO.3. 
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ON THE USE OF THE TERM BEDFORD LIMESTONE 

I T has not been the custom of the Indiana geologists to give 
local geographic names to geologic formations, and previous 
to the twentieth report of the state geologist (for 1895) but three 
or four formations had been so described. The earlier geologists 
were content to correlate the rocks with the formations of adjoin
ing states and use the names already in use. 

The business of quarrying the oolitic limestone grew up at a 
number of points. The quarry rock was recognized to be equiva
lent but was not known to be continuous. It was thought to 
exist in .. deposits." Each locality was jealous of the qualities 
of its" deposits." So we had White River stone, Elletsville stone, 
Bedford stone, Salem stone, etc. In the course of time the greater 
development of the quarries at Bedford caused that stone to 
dominate the others in the market, and the Indiana oolitic lime
stone came to be generally known as Bedford stone, and as such, 
it has· been specified by architects in more than thirty states. 
Its reputation having become thus established, all localities were 
willing to have their stone known as Bedford stone, and geologists 
were no longer embarrassed by local rivalry in giving this name 
to the formation. 

Dr. R. T. Brown, state geologist, in a II Geological Survey 
of the State of Indiana," published in 1854,' gives a section of 
the rocks at the railway cut near Harristown (presumably that 
celebrated later as Spergen Hill), recognizing the quarry ledge 
with its characteristic fossils to be equivalent to that quarried at 
Bedford, and the same as that shipped from the northwestern 
part of Monroe county as White River stOlle. 

Richard Owen 2 in 1862 used the term Bedford rock, referring 
to stone quarried from the formation in question at Bedford.. It 

I Transactions of the Indiana State Agricultural Society, 1853, pp. 311, 312. 

Geological Reconnaissance of Indiana, 1862, p. 137. 

2.~4 
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may be noted here that in the Bedford region the formation is 
practically homogeneous and is quarried from top to bottom. 

The reports of the Indiana Survey for 1869, 1870, and 1872 
deal exclusively' with the coal deposits. The report for 1873 
mentions Bedford slone on pages 276, 280, 282-284, and 3 I 2. 
The report for 1874 does not touch upon the formation. The 
report for 1875 alludes to the oolitic limestone of Owen county 
as while quarry slone. In the report for 1878 an analysis of stone 
from Bedford is referred to in the index as Bedford slone. 

The reports from 1880 to 1895 inclusive speak of this stone 
as Indiana oolitic limestone, though that from Bedford is called 
Bedford stone (188 I, p. 3 I), and, as mentioned in the preceding 
article, that from Salem is called 5atem slone (1885-6, pp. 143-
146). So, too, it had been called Salem stolle in the preceding 
report (1884, pp. 76-78). 

In the report by T. C. Hopkins and the writer (1896, pp. 
289-427) the oolitic limestone of the different quarries was for 
the first time shown to be not only equivalent but actually con
tinuous. A single name became imperative. It was at hand. 
The name Bedford oolitic limestone was adopted rather than pro
posed as a new name. To have proposed a name would have 
raised the question of priority, and White River limestone would 
clearly have been entitled to precedence. Under the title Bed
ford stone this limestone was as well known as a geologic forma
tion can be, over more than half the United States. The term 
which had been originally applied to the whole formation at 
one place was now extended to the formation throughout its 
extent. 

We think that these facts justify the prior claims of Indiana 
to Bedford as a formation name, and that it will not be neces
sary to drop the term. But drop it we could not if we would, 
for, to the trade, Bedford stone it will be to the end of the chapter. 

C. E. SIEBENTHAL. 
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NITRATES IN CAVE EARTHS 

A NEW theory of the origin of nitrates in cave earths has been 
recently propounded by Mr. William H. Hess (JOUR. GEOL., 

Vol. VII, p. 2) who considers that they are the product of the 
nitrifying bacteria in the soil above, and that they enter the 
cave with the seepage through the roof and are deposited by 
the total evaporation of the water in the dryer parts of the cave. 
In other words the dry galleries and chambers of a cave serve 
as a gigantic natural still, catching the seepage from the surface 
and retaining the solids. Inasmuch as the older theory that 
these nitrates are leached from the bat guanos formed in the 
caves is on the face of it sufficient to account for the facts while 
difficulties arise in the application of the new theory a compari
son would seem to be in order. The first and most serious 
objection Mr. Hess urges against the older theory is a state
ment that bats never go far from the mouth of the cave, while 
many analyses (not quoted) show that the nitrates are distrib
uted through the dry chambers of the cave. This would seem 
to be decisive if rigorously verified, for if bats never went far 
from the entrance it would be exceedingly difficult to account 
for the presence of derivatives of bat guano in all dry portions of 
the cave. In reality, ,bats frequent in very large numbers 
remot"e portions of caves. Dr. O. C. Farrington, in a recent 
expedition through the caves of Indiana, found bats in all parts 
of the caves visited.' Mr. Hess' second objection is that the 
cave earth contains little or no organic matter. Two specimens 
in the collections of the Field Columbian Museum, one from 
Indiana and one from South America do contain organic matter 
visible on casual inspection. As the niter, according to the 
general opinion, is for the most part not a decomposed or altered 
guano but a residual clay or sand impregnated with soluble 
salts by seepage from bat guano, there is no reason why it should 

I Field Columbian Museum Publication 53, p. 244" 
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contain insoluble organic matter or more organic matter than is 
indicated by the amount of nitrogen and chlorine shown by Mr. 
Hess' analyses. This objection, apparently based on inspection 
of the specimens and a single analysis, cannot therefore be con· 
sidered proven. The third objection made by Mr. Hess to the 
origin of nitrates in the cavern itself is that while the cave earth 
and the bat guano contain approximately equal quantities of 
phosphates, the soluble phosphate is much less in the underly
ing earth than in the overlying guano. This, however, is merely 
an illustration of a phenomenon with which all phosphate manu
facturers are familiar, viz., the" reversion" of the soluble to the 
insoluble phosphate by virtue of which a very large percentage 
of the ,. available" or soluble acid calcium phosphate of a "super
phosphate" when applied to the soil, changes to various insolu
ble phosphates.' It does not appear, then, that any of the above 
objections are in any sense conclusive. 

In support of the external origin of the nitrates, Mr. Hess 
calls attention to the fact that the leachings from the surface 
subsoil contain nitrates in small quantity. He also attempts to 
show by analyses that the soluble portions of the niter earth 
might be the concentration of the leachings from surface soils, 
although the ligures he gives appear to prove the reverse. Inas
much as both the niter earth and the surface soil are both (in 
the Kentucky and Indiana caves) residual soils from limestone, 
contaminated with organic matter, a general similarity in conse
quence of similarity of origin is to be expected and is found. 
But if the soluble salts of the niter earths are the soluble salts 
transported from the overlying soil, more than a general 
resemblance should appear. After due allowance is made for 
compounds which will not redissolve the two should be prac
tically identical if the analyses correctly represent the average 
constitution of the mixtures in question. As printed, Mr. 
Hess' analyses do not admit of ready comparison. If the 
analysis which he gives (p. 131) of subsoil over Mammoth 
Cave and of the cave earth dir.ectly below are recalculated so as 

I WYATT: Phosphates of AmericR. 
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to indicate the percentage composition of the soluble portion 
(on the assumption that the analyses are complete) they com
pare as follows: 

SALTS LEACHED FROM SUBSOIL AND FROM CAVE EARTH, MAM

MOTH CAVE 

Na.O+K.O Cao so. p.o. N.O. NH. 

1. Subsoil. ........ 15.32 9.$8 28·72 tr. 36 . 17 10.21 
2. Cave earth .••••• 28·94 20·54 42. 10 I 

0.003 8·30 00.001 

The resemblance is purely qualitative, and it is very evident 
that the second substance could not be formed by the evapora
tion of a solution of the first as the theory requires. The water 
which enters the cave forms stalactites and stalagmites and, 
therefore, must carry carbonate of lime. In the aqueous extract 
from the subsoil, considered below, the bases are saturated with 
nitric and sulphuric acid and hence it contains no carbonates. 
This analysis therefore does not represent the waters which enter 
the cave. It is most probable that these waters after leaving 
the subsoil take up carbonate of lime and other material while 
passing through the rock roof and enter the cave with the com
position of the drip water whose analysis is given by Mr. Hess 
(loe. cit., p. 132 ). 

From the analysis of waters dripping into Mammoth Cave 
made by Mr. Hess, the figures below have been derived calculat
ing the ratio of certain salts for comparison with the soluble 
salts from the cave earths of Mammoth and Saltpeter Caves, 
also recalculated from Mr. Hess' analyses. 

SALTS LEACHED FROM CAVE EARTH COMPARED WITH CORRE

SPONDING SALTS FROM DRIP WATER 

K.O+N .. O Cao so. 1',0. Cl N,O. NH. 

----------
Certain salts from drip water, 

Mammoth Cave ...•....... 23·24 42.37 22.18 tr. 3·83 8.06 0.06 
Cave earth, Mammoth Cave .. 27·23 19.91 40.56 ...... 5.26 6.95 0.09 .. .. .. .. 22·39 23.56 33·65 10.38 10.01 0.007 ...... .. .. Saltpeter Cave ... 22.62 23. 13 33·03 2·30 III. 82 0.07 ...... 
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From this table it is evident that solids from the drip water 
contain practically twice as much lime as those from the cave 
earth and much less sulphates and chlorides. Exact calculations 
for the saturation of bases by alkalies cannot be made without 
knowing the ratio of soda to potash. An inspection of similar 
determinations for many Kentucky soils shows for similar situa
tions a ratio of potash to soda of I: 4. Assuming this ratio, 
then, in the case of the drip water, after all the acids are satu
rated there is a large excess of lime left. This holds true both 
for the salts given in the above table and for the full analysis as 
given by Mr. Hess. This lime is held as carbonate and would 
be deposited as calcite upon evaporation. But in the salts 
extracted from the cave earths, as before noted, we find that the 
acids nearly saturate the bases and there is little lime left as 
carbonate. While the quantities will change as we assume more 
or less soda in the mixed alkalies, yet the proportions do not 
vary to any important d~gree, and in any conceivable case there 
is a very large excess of calcite in the drip water unaccounted 
for in the cave earth. In short, the drip in Mammoth Cave 
carries chiefly carbonates, while the cave earths carry chiefly 
sulphates. For the drip water to deposit any nitrate it is neces
sary that it should evaporate practically to dryness and deposit 
essentially all of its lime and other salts. For every 8 parts of 
nitric acid, 42 parts of lime will be deposited, and thus the 
deposit would take the form of stalagmite enclosing the clay or 
sand, a form of deposit actually found in places but not forming 
any portion of the cave earth. 

The removal of nitrates from guano to cave earth is different. 
The drip becomes saturated with salts while passing through the 
guano, deposits only part of its burden in the underlying cave 
earth, and drains off with the remainder. The deposits thus 
formed will be composed chiefly of the more soluble instead of 
the less soluble salts, and no stalagmite will form. This may be 
made more evident by assuming an ideal case. Take I liter of 
water saturated with calcium nitrate, calcium carbonate, and 
carbonic acid at 54 0 F. Keeping the temperature constant, let 
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the water evaporate until only ~ liter remains. One liter of 
water at 54° F. will hold in solution approximately 1100 grams 
of calcium nitrate I and (disregarding the influence of the cal
cium nitrate) only 0.88 gram of calcium carbonate." When 
reduced to ~ liter by evaporation it will hold only 825 grams 
of calcium nitrate and 0.66 gram of calcium carbonate. If 
the solution be now removed, there remains a precipitate of 
275 grams of calcium nitrate and only 0.22 gram of calcium 
carbonate. This applies to all cases of soluble with slightly 
soluble salts except where chemical actions intervene, as in the 
case of phosphates. In one specimen from Dixon's Cave the 
analysis of the cave earth, recalculated below, shows a very 
large excess of carbonates. In this case the amount of soluble 
salts is very minute (0.5655 per cent.) , and we probably have 
the beginning of a stalagmite deposit forming in the nitrates. 
Over 90 per cent. are bases, with only 5~ per cent. of sulphuric 
acid. There is no analysis of dropping waters for comparison 
in this case, however. 

SALTS LEACHED FROM CAVE EARTH AND OVERLYING BAT GUANO, 

DIXON'S CAVE. 

NaOI+IKO CaO so. Plo.1 Cl N,O. NH. 
---- - ----

I. Bat guano, Dixon's Cave ..... 3·50 31 •68 6·35 0.42 - 57.08 0·97 
2. Cave earth underlying I ..... 45.98 40 . 67 5.48 2.42 - 2.09 3·36 

As the overlying bat guano in this case yields up to water 
salts of which over 57 per cent. are nitric acid, it is difficult to 
understand how a water carrying the traces of nitrates from the 
surface of the earth could penetrate this guano to the underlying 
cave soil without taking along much more nitric acid from the 
bat guano than the almost infinitesimal quantities it brings from 
the surface. In this case the soluble part of the deposit is 
undoubtedly a mixture of the matter in the drip and the matter 
leached from the bat guano, and there is a bare possibility that 

I OSTWALD: Outlines of Theoretical Chemistry, p. 150. 

• ROSCOE and SCHOR LEMMER : Treatise on Chemistry, Vol. II, Pt. I, p. 209. 
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a very small quantity of nitrate from the surface may be mixed 
with the much larger quantity leached from the bat guano above. 

There are, however, better indicators than the carbonate or 
sulphate of lime. These are chlorine and the phosphates. The 
chlorine has not been given in a sufficient number of Mr. Hess' 
analyses to be available in this discussion, but the data regarding 
the phosphates are more complete. Inasmuch as phosphates 
II revert" or become insoluble, the total phosphate, not the 
soluble, must be considered. Mr. Hess finds only traces of 
phosphate in the drip or in the soluble extract from the soils of 
the surface, while the quantity of phosphoric acid in the guano 
and the niter earth is approximately equal and is very consider
able, 2.62 per cent. and 2.10 per cent. respectively. While the 
approximation to equivalence is doubtless accidental, yet it is 
undeniable that there is in cave earth much more phosphate in 
proportion to the niter, alkalies, etc., than the drip water could 
bring in. An abundance of phosphate is found in soluble form 
in the bat guano. Mr. Hess regards this excess of phosphate 
as a concentration in the residual soil, of the calcium phosphate 
of the limestone on account of its insolubility. But it appears 
from the figures given by Penrose and others I that the percent
age of phosphate of lime in limestone and in its residual clay is 
approximatel y the same, the larger part of the phosphate going 
into solution with the carbonate of lime. Penrose selected clay 
from a hollow in the limestone where it was overlain by 15 feet 
of similar clay and a chert cap, and compared it with the lime
stone. He found phosphoric acid in the limestone 3.02 per cent. 
and in the clay 2.53 per cent. It is not contended that under 
exceptional circumstances phosphates may not be concentrated 
as a residuum after solution of limestone, as Safford claims for 
those of Tennessee, but it is contended that such concentration, 
if it occur at all, is very unusual, and furthermore that it does 
not occur in the cave regions of Kentucky and Indiana. 

Although no determinations of phosphoric acid in limestone 
and its residual soil can be found for the immediate vicinity of 

I MERRILL: Rocks, Rock Weathering, and Soils, p. 232. 
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Mammoth and the other caves considered, yet the above con
clusion may be confirmed for the State of Kentucky by the 
following figures from the analyses of rock and soil made for 
the Kentucky Geological Survey.1 

No. 

570. 
57 1• 

572• 
573· 

576. 
577· 
578. 
579· 

614. 
6 15. 

-663· 
664. 
666. 

683. 
684. 
685· 

Substance. 

Subsoil 
Red underclay 
Limestone 
Limestone 

Subsoil, Bourbon county 
Underclay 
Limestone 
Limestone 

Subsoil 
Limestone 

Virgin soil, Jessamine county 
Virgin soil, Jessamine county 
Limestone 

Subsoil -
Underclay 
Limestone 

p.o., per cent. 

- 0·440 
0.4 2 5 

- 0.221 
0.196 

- 0.243 
0.221 

- 0.093 
.0. 183 

- 0.316 
0.3 11 

- 0.239 
0.666 

- 0.567 

0.459 
- 0.456 

0.63 1 

In preparing the above table all cultivated soils have been 
excluded, and it is believed that only examples of virgin soils, 
subsoils and underlying limestones that are properly comparable 
have been included. The average of these figures is 0.315 per 
cent. P 1105 for the limestones and 0.365 per cent. P B05 for the 
soils. The average of twenty-five analyses of subsoils overlying 
-limestone in Kentucky is 0.264 per cent. P 1I 0 5 • Mr. Hess finds 
2.62 per cent. PliO 5 in bat guano and 2.10 per cent. PliO 5 in cave 
earth. This is obviously a far greater proportion of phosphate 
than is found in other residual clays, and as in the drip water 
he finds only a trace of phosphate with 53.61 milligrams car
bon~te of lime, the difference can hardly be made up from that 
source. On the other hand, the bat guano provides an abundant 
supply, as all the phosphorus used in the metabolic processes of 
bat life must eventually find its way to the guano. Finally, it 

I Third Report Geol. Surv. Kentucky. 
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may be noted that Mr. Hess' claim that nitrates are uniformly 
distributed in the dry chambers of caves is not substantiated by 
the analyses of cave earths of Wyandotte Cave made ~or the 
Indiana Geological Survey.. Besides the analysis of niter earth, 
there is given one of the magnesian earth which is abundant in 
the dry portions of Wyandotte Cave. The analysis of this earth 
shows no nitrates. An interesting variation between the distri
bution of nitrates and of other nitrogen compounds throws 
much light upon the problem, and has been investigated by 
Muntz and Maracano for some Venezuelan caves." "There is 
thus a gradual change in the character of the nitrogenous com
bination from the interior to the exterior portions of the cave, 
as shown in the following analyses: 

Constituents Guano from interior Earth 110m Earth some distance 
of cave entrance from. entrance 

Organic nitrogen ..........•.. I I. 74 per cent. 2.41 per cent. o. ISo per cent. 
Nitrate of lime ......•.....••. 0.00 .. 3. 03 .. 10.36 .. " 

If the transformation of organic nitrogen through ammonia 
and nitrites to nitrates by the action of bacteria occurs only at 
the surface, there should be no uniform variation in the propor
tions of these compone~ts in the cave earths, but such a variation 
as has been found might occur fwm the mouth of the cave 
inward if the bacteria are acting in the cave itself. Mr. Hess 
has doubtless performed a service in pointing out a method by 
which cavern deposits of nitrates may be formed, and it is not 
improbable that such deposits may be discovered. Deposits 
thus formed, however, will have several easily recognized 
features not found in the cavern earths now known. 

FIELD COLUMBIAN MUSEUM, 

March 2, 1901. 

• Indiana Geol. Surv., 187R, p. 162. 

HENRY W. NICHOLS. 

"MERRILL: Rocks, Rock Weathering, and Soils, p. 372. 
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DERIVATION OFTHE TERRESTRIAL SPHEROID FROM 
THE RHOMBIC DODECAHEDRON 

Two papers have recently been published which tend to 
again awaken special interest in the theme of the grand plan 
of the earth. One is the presidential address of Professor B. K. 
Emerson on the" Tetrahedral Earth and the Zone of the Inter
continental Seas," delivered before the Geological Society of 
America; and the other is a lecture before the Royal Geographi
cal Society by Dr. J. W. Gregory, on the" Plan of the Earth and 
Its Causes." 

Both papers are an explanation and discussion of the quaint 
and suggestive conception of the tetrahedral form of the earth 
as advanced by William Lothian Green, an English merchant of 
Honolulu, an original thinker of no mean astuteness, who, in his 
Vestiges of tke Molten Globe: presents a hypothesis which can be, 
by no unbiased student, regarded as lying entirely within the 
fanciful. 

Briefly stated, Green's hypothesis is that on the theory of a 
cooling globe, a noticeably angular or ridged form would result. 
As the sphere is the solid which contains the maximum volume 
under a given surface, so the geometrical form having the mini
mum volume under the same surface is the tetrahedron. Hence, 
the contracting globe would tend to assume the tetrahedral 
shape, as one permitting the greatest reduction of bulk with the 
least amount of change of surface. 

Green takes as his fundamental form the hexatetrahedron 
with curved faces, as most nearly approaching the sphere. In 
the development of the hemihedral form of the hexatetrahedron 
the original faces retained give rise to one set of obtusely 
pointed pyramids; and the extended portions of the faces a 
second set of pyramids having more acute apices. The former 
represent the water areas of the globe and the latter the land 

I Vestiges of the Molten Globe, Pt. I, London, 1875; Pt. II, Honolulu, 1887. 
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areas. There are then three triangles of water with their bases 
against a land triangle around the south pole, pointed north-
ward and in th three grea pointing land 
triangles, ha ases against t ar triangle of 
water. Th d the plan of indicated by 
its grandest eatures. 

The idea dral earth di riginate with 
Green, though it was doubtless original with him. Neither is the 
attempt to reduce the earth to a faceted body unusual. From 
the time of Elie de Beaumont, more or less intense interest has 
been taken in the subject. 

The dist" tl t h dral concepti h b , as Professor 
Emerson ha us sed by a nu rs. Richard 
Owen,' of N y, Indiana, a f Dr. David 
Dale Owen, e form of th he crystal of 
diamond. n, already me el-Le\·y· has 
lately formulated hIs tetrahedral idea of the earth. Still more 
recently Gregory3 has considered the subject much along the 
same lines as the writer last mentioned. 

In comparing Green s tetrahedron with that projected by 
Michel· Levy it may be noted that the obtuse pyramids of the 
former corre early to the s s of the latter. 

Now, th of the prese all attention 
to the fact t these more r ts to reduce 
the earth to etrical form portant sug-
gestion that ave escaped is embodied 
in a short paper which appeared in the Amencall Meteorological 
Journal for 1888,· under the title of the" Probable Derivation of 
the Terrestrial Spheroid from the Rhombic Dodecahedron." 
It is by the same Richard Owen who earlier gave expression to 
many of the ncies connec idea of the 
tetrahedral 

I Key to the 

• Bull. G~oJ. 

3 Geographi 

lobe, p. 60, 1857 . 

XXVI, p. 105, 18 

XllI, p. 225. 1899 

• Am. Meteorological Jour .• Vol. V, p. 289. 1888. 
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The polar axis of the earth is regarded by Owen as extend
ing from the center of one rhombic face to the center of the 
opposite one. The sharp, four-sided axial angles of the 
dodecahedron are near the Aleutian Islands, New Zealanrl, 
and, on the earth's equator, at Sumatra and Quito; while the 
remaining two lie in the Alps and south of the Cape of Good 
Hope. Thus oriented the following propositions are formu
lated: 

I. Centers of rhombs are usually occupied by water or low 
land; 

2. Ridges of rhombs usually give rise to mountains, and river 
sources; also sometimes to parallel valleys with important 
rivers; 

3. Many of the apices are characterized by vicinity of vol
canic groups; 

4. Rhombs facing each other have considerable similarity in 
the distribution of land and water; 

5. Daily rotation and annual revolution seem to have deter
mined the configuration of land. 

How closely these generalizations accord with facts may be 
easily tested by reference to any school globe. Why Owen 
should have oriented the do~ecahedron just as he did does not 
appear. It would seem that in all cases of this kind the starting 
point which is first selected has much to do with subsequent 
developments. In Owen's case the depression of the Arctic Ocean 
offered the schematic rhomb. Then, too, the Mediterranean 
area required special attention. So important is the last named 
region that Michel-Levy, in his plan, was led to make it a point 
where three polar edges of his tetrahedron should meet. 

If there be anything in the idea of a collapsing crust on a 
shrinking interior, the tendency of the surface toward the assump
tion of any angular form would find adequate reason in an adjust
ment which would produce as nearly as possible the least amount 
of deformation in the lithosphere compared with the amount of 
change in the bulk of the earth. This geometrical shape is, as 
already noted, the tetrahedron; but a four-sided figure in which 
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each face would be of the most general form-that is, with six 
facets-curved after the manner of the diamond. 

But while the natural tendency, in a collapsing shell, may 
be to assume a form affording the least change of the surface, 
extraneous conditions might impose slight modifications in other 
directions. The resultant form might then be a closely similar 
shape, having the same symmetry. As related to the hexatetra
hedron, the rhombic dodecahedron is one of these forms. And 
Owen's scheme may more nearly correspond with observed 
facts than any plan based upon the strictly tetrahedral con
ception. 

In any case, we should expect to have the great world ridges 
follow approximately the geometrical edges of whatever form is 
selected. In the central portions of the faces we should expect 
to find, on the whole, marked depressions. If these features are 
to be regarded as essential criteria, then Owen's scheme appears 
to offer fewer objections than any yet suggested. 19 these con
siderations the hydrosphere may be practically neglected. 

The rhombic dodecahedron is a schematic form to which the 
great features of the earth are capable of even more exact adjust
ment than that proposed by Owen. If the dodecahedron be 
oriented so that one of its axes coincides with the earth's axis of 
rotation, the ends of the other two axes may be made to inter
sect the earth's equator where the latter passes through Sumatra, 
the west coast of Africa, the west shore-line of South America, 
and the Phrenix Islands, in the central Pacific Ocean. There will 
then be grouped around the north pole of the earth four rhombic 
faces as follows: 

I. North American, 
2. European, 
3. Asian, 
4. Bering. 

Around the equator are: 
5. Northern Pacific, 
6. Atlantic, 
7. Indian, 
8. Eastern Pacific. 
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About the south pole arc arranged: 
9. South American, 

10. South African, 
I I. South Indian, 
12. South Pacific. 

The great Cordilleran ridges of North America, from near 
the extremity of South America to the Arctic Ocean lie directly 
on the edges of the dodecahedral form. The line is marked by 
a remarkable succession of volcanoes both active and only 
recently extinct. Greenland lies on another of the polar edges 
of the northern zone of rhombs. Another remarkable. world
ridge passes down on rhombic margins from Franz Joseph land. 
through Novaya Zemlya, the Urals, the Himalayas, Sumatra and 
the Sunda Island.;, Australia to Tasmania. Between the last 
named place and the south pole is Wilkes Land and Victoria Land. 
with the active volcano Erebus near the line. 

From Sumatra, northeastward extends the most wonderful 
line of active volcanoes known on the globe -the line bordering 
the east coast of Asia. From Japan a north polar edge is con
tinued in the long island of Saghalien, certain chains of north
eastern Siberia, and farther north in the Arctic Ocean by the 
Liakov Islands. 

Other mountain ridges and groups of active volcanoes char
acterize most of the other edges of the dodecahedron, frequently 
in a very notable way. 

The only apparently incongruous element in the scheme is 
Europe. But this comparatively high land has its antipodal 
representative rhomb in the deepest south Pacific. 

However fanciful the speculations of this kind may be 
regarded, it is certain that mountain ranges are susceptible 
of systematic arrangement. Moreover, mountain ranges must 
be considered as having different taxonomic ranks according to 
their genetic origin. 

We know that the smaller folds of the earth's strata are com
plex, that little ones may ride, as it were, on larger ones, and 
that these again may rise out of still greater swells. Structurar 
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mountains may be thus likened to the waves of a tempestuous 
sea, and, within each province of the mightiest rolis, may be 
arranged in harmony with their taxonomic relationships. 

The master earth ridges may have one origin, and be arrayed 
-not in sharply defined geometric figures, perhaps-but in 
accord with definable laws. Within the grand provinces defined 
by these greatest features, mountain ranges may be determined 
by wholiydifferent causes-possibly in out-flowing, c4rved ele
vations, something after the manner suggested by Suess for 
5>iberia. Parts of these systems may again be modified by still 
more local causes - being intensified in some places, softened in 
others. 

I n the consideration of mountains, as features of the earth's 
face susceptible of giving expression to its deepest emotions, we 
have to recognize fully, before we can hope to understand the 
riddle of their existence, that all do not possess the same taxo
nomic values. 

CHARLES R. KEYES. 
DES MOIl'ES, IowA. 
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THE VARIATIONS OF GLACIERS. VI! 

THE following is a summary of the Fifth Annual Report of 
the International Committee on Glaciers: 2 

RECORD OF GLACIERS FOR 1899 

Swiss Alps.-As we approach the end of the century the 
advance of a number of glaciers which began in 1875 has grad
ually died out. Only one glacier was known to be advancing 
in 1899; nine were doubtful, and fifty-five were certainly or 
probably retreating.3 

Eastern Alps.-During 1899 Drs. Blumcke and Hess published 
an important paper on the Hintereis glacier containing observa
tions of the movement, melting, and interior temperature of the 
glacier, and an excellent map.4 During the time of observa
tion, in the summer, the temperature to a depth of forty meters 
was found to be practically the melting temperature. 

The Vernagt glacier continues to advance; during the last 
year its velocity at a certain point has increased from 178m 

per year to 280. Since it has been under observation (1889-
1899) its velocity has increased to fifteen times its original 
value. The ice has thickened and the glacier is advancing.5 

Of the glaciers observed in the Eastern Alps, fifteen are 

'The earlier reports appeared in this JOURNAL, Vol. III, pp. 278-288; Vol. V, 
pp. 378-383; Vol. VI, pp. 473-476; Vol. VII, pp. 217-225, and Vol. VIII, pp. 
154-159. 

• Archives des Sciences Phys. et Nat., Vol. X, pp. 1-20. Geneva 1900. 

3 Report of PROFESSOR FOREI .• 

4 Untersuchungen am Hintereisfemer. Wissensch. Ergans. z. Zeit. des D. u. O. 
Alpenvereins. I. Bd. 2: Heft. 

S A very complete account of this glacier was given by PROFESSOR S. FINSTER· 
WALDER in the Wissensch. Erganzunghefte zur Zeits. des D. u. O. A-V. I. Band, I. 
Heft, Graz 1897. This important paper contains a history of the remarkable variations 
the glacier has suffered. and an excellent discussion of the nature of the movement of 
the ice and the origin of moraines. 
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advancing, thirteen are stationary, and more than twenty-two 
are retreating! 

Italian A~s.-Eight glaciers show a retreat and two an 
advance.2 

French A~s.-The Societe des Touristes du Dauphine has 
recently published an important book on the glaciers of Dau
phine.3 The conclusions are as follows: 

As a rule the glaciers of this region have been in retreat 
during the second half of the nineteenth century, but some 
became stationary and a few even advanced between 1889 and 
1893. Of the glaciers under observation twenty-four are in 
retreat and two are stationary. One of these. the glacier Blanc, 
is remarkable; it advanced before 1865, was in retreat from 
1865 to 1886, and then began an advance which has continued 
until 1899; during this period the glaciers nearby were in 
retreat, though a few of them showed an advance for a short 
time. Three glaciers at present show a thickening which may 
result in an advance. 

Swedish A~s.-The Mika glacier has been stationary since 
1897. Observations have shown a velocity of 18.3cm a day ih 
summer, whereas the mean for the year is 7.6cm.4 

Norwegian A~s.-A number of glaciers have been under 
observation and show in general a very slight retreat. The 
western glaciers of Jotunheim advanced during the summer of 
1898. During the last few years a small snowfall and much 
heat is reported for this region and these glaciers are again in 
retreat.S 

GrunJand.- Photographs of the small Kiagtut glacier, near 
Julianehaab, show a retreat of several hundred meters between 
1876 and 1899. A small glacier on the island of Disko retreated 
46m between 1890 and 1891.6 

I Report of PROFESSOR FINSTERWALDER. • Report of Mr. OLINTO MARINELLI. 

'Observations sur les Variations des Glaciers et I'Enneigement dans les Alpes 
dauphinoises; edited by Professor W. Kilian. Grenoble, 1900. 

4 Report of DR. SVENONIUS. 

5 Report of DR. OVEN. 6 Report of DR. STEENSTRUP. 
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Canada.-The Victoria glacier, near Lake Louise, Alberta, is 
retreating though no measures have been made. 

Photographs of the Asulkan glacier. British Columbia. show 
no changes between 1898 and 1899. A small glacier on the 
southern side of Mt. Sir Donald has become smaller. 

The Illecellewaet glacier has been observed with more or 
less regularity since 1887. during this time it has apparently 
retreated on the average 15.8m a year. There are indications 
that it was stationary or advancing before 1887. It retreated 
4.9m between 1898 and 1899. In August 1899 the velocity of 
the ice close to the end was 13.7cm a day; 460m further back 
and near the middle of the breadth it was 17.2cm. The upper 
part of the glacier seems to be growing thicker! 

Russian Asia.-The report gives the locations of a num
ber of glaciers. many of which show undoubted signs of 
retreat." 

HimoJaya.-Mr. Freshfield has induced the government offi
cials to undertake regular observations of some glaciers. He 
found the glaciers of Kindjinjanga advancing slightly after hav
ing suffered an insignificant retreat. In general there are no 
indications of any important changes among those glaciers in 
recent years. 

REPORT ON TilE GLACIERS OF THE UNITED STATES FOR 19003 

The small glaciers in Montana continue to retreat. 
A small glacier has been discovered on Mt. Arapahoe in 

I Report of MESSRS. G. and W. S. V AUX. JR. See papers by the same authors: 
Some observati.ons on the Illecellewaet and Asulkan Glaciers of British Columbia. 
Proc. Phil. Acad. of Nat. Sei.. 1899. pp. 121-124. 

Additional Observations on Glaciers of British Columbia. Proc. Phil. Acad. Nat. 
Sci., 1899, pp. 501-5I1. 

The Glacier of the IIIecellewaet. Appalachia, 1900, Vol. IX, pp. r 56-165. 
ALBRECHT PENCK, translated by D. R. Keys: The lI1ecellewaet Glacier in the 

Selkirks. Proc. Canadian Inst. 1900, pp. 57-60 . 

• Report of MR. MOUSCHETOFF. 

3 A synopsis of this report will appear in the Sixth Annual Report of the Inter
national Committee. The report on the glaciers of the United States for 1899 was 
given in this JOURNAL, Vol. VIII, pp. 154-159. 
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Colorado.' The only other glacier known in this state is the 
Hallett." 

The Eliot glacier on Mt. Hood, Washington, is retreating 
and growing thinner (H. D. Langille). This means that the 
retreat will probably continue for some years and at an increas
ing rate. 

On September 3, 1899, an earthquake shook the Alaskan 
coast and caused a large quantity of ice to be broken from the 
ends of tide-water glaciers. Glacier bay was so full of ice during 
the summer of 1900 that the steamers which usually visit that 
region were unable to approach Muir glacier nearer than four or 
five miles, and no satisfactory estimates could be made of the 
retreat of the glacier. 

The Windom glacier, which ends on gravel-deposits in Taku 
inlet, is reported to have suffered the loss of a large part of its 
end, due apparently to the washing out of the supporting 
gravels. 

Miles glacier, near the Copper River, Alaska, shows a marked 
recession since last year (A. C. Spmcer). 

The United States Geological Survey has published a large 
volume on II Explorations in Alaska in 1898.3 Several parties 
were sent to explore various routes from the coast to the interior 
and, although no especial attention was given to the study ot 
the glaciers, sufficient observations were made to bring out some 
interesting facts; many glaciers are cursorily described and their 
locations shown on the maps. The Alaskan glaciers are all of 
the valley or Piedmont types; Alaska was never under a great 
ice sheet like the eastern part of North America. The glaciers 
in the mountainous regions to the north, east, and southeast of 
Cook's Inlet, many of which are very large, were formerly much 
more extensive than now, and show evidences of continued 

I The Glacier of Mt. Arapahoe, Colorado, WILLIS T. LEE: This JOURNAl., Vol. 
VIII, pp. 647-654 . 

• F. H. CHAPIN: Appalachia, Vol. V. p. I; and Mountaineering in Colorado, 
P·97· 

3 Twentieth Ann. Rept. U. S. Geol. Surv., Part VII. See also ABERCROMBIE: 
The Copper River Exploring Exped. Washington, 1899. 
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retreat. Whereas the glaciers to the west and southwest of 
Cook's Inlet are small and, though retreating, they were never 
much larger than at present (Spurr, Mendenluzlt, Eltir£dge). 

Professor I. C. Russell has published an account of the 
former and present glaciation in northern Washington! A 
synopsis of the existing glaciers in this region was given in an 
earlier report of this series.2 

GEOLOGICAL LABORATORY, 
JOHNS HOPKINS UNIVERSITY, 

March 15, 1901. 

HARRY FIELDING REID. 

I I. C. RUSSELL: A Preliminary Paper on the Geology of the Cascade Mountains 
in Northem Washington. Twentieth Ann. Rept. U. S. Geol. Surv., Part II. 

o This JOURNAL, Vol. IV, pp. 222-224. 
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PRODROMITES, A NEW AMMONITE GENUS FROM 
THE LOWER CARBONIFEROUS 

CONTENTS 

Occurrence of Paleozoic Ammonites. 
Genus: Prodromites Smith and Weller, gen. nov. 

Prodromites gorbyi (Miller). 
Prodromites praematurus Smith and Weller, s/J. nov. 

Conclusion. 

Occurrence of Paleozoic Ammonites.- Until twenty-five years 
ago it was thought that the ammonites were confined entirely to 
the Mesozoic, and that the Paleozoic representatives of the 
Ammonitoid group were all goniatites. This was in keeping with 
the theory that ammonites all belonged to a single stock or 
phylum. But the discovery in the Salt Range Permian of sev
eral genera of different stocks that could not, by any stretching 
of the name, be called goniatites, upset this idea. For a long 
time after this the Permian ammonite fauna of India was looked 
upon as exceptional' until the recognition of the Permian age of 
the ammonite fauna of the Artinsk beds of Russia. This was 
followed shortly by the discovery of similar forms in strata of 
the same age in Sicily and in Texas. It was then universally 
recognized that these forms were not exceptional, and might be 
looked for wherever the uppermost Paleozoic was found in its 
marine facies. But even as late as 189 I we find the Permian 
ammonite species of Texas described as Mesozoic types occur
ring in Paleozoic beds, and in all text-books even today the 
Permian epoch is given as the period of transition from gonia
tites into ammonites. 

Steinmann and von Sutner 1 were the first to attempt to divide 
the ammonites into various phyla, derived from separate stocks of 
goniatites, and while their classification is not always in agree
ment with the most rational arrangement, it is very suggestive, 

• STEINMANN : Elemente der Palaeontologie, 1890. 
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and has caused much fruitful discussion. The main points for 
which they contended have been accepted, and now it is gener
ally admitted that ammonite genera may be much more closely 
related to goniatites than they are to contemporaneous or even 
antecedent ammonites. Karpinsky's' masterly researches in the 
phylogeny of the Prolecanitidce contributed largely to this 
result, and prepared the way for Haug's2 exhaustive study of the 
relations of the various phyla of goniatites. 

When it is once admitted that there are several distinct stocks 
of different degrees of specialization and developing in different 
directtons, there is no longer any sound reason for the com
monly accepted opinion that they all made the transition at the 
same time; indeed, it is extremely illogical to expect that this 
would be the case. In spite of thiS, it will cause surprise, 
especially among those that cling to time-honored criteria, when 
it is announced that not only are characteristic ammonites found 
below the Permian, but even at the very base of the Carbonif
erous system, and in such an advanced stage of development 
that the transition from goniatite to ammonite must have taken 
place already in the Devonian. The occurrence of these forms 
is authentic, an'd not sporadic, for they were found in the same 
horizon, and in the same faunal association in three widely sepa
rated localities in America. It may be that they were prema
turely specialized forms, like Ctymenia, that developed suddenly 
from the main, unspecialized stock, and as suddenly became 
extinguished; but the existence of similar and evidently closely 
related forms in the Trias presupposes continuance of the stock. 
In reality, our knowledge of the various families of Paleozoic 
animals is as yet only fragmentary, and lack of record is no very 
strong argument against the occurrence of any group. We must 
remember that the greater part of the Paleozoic deposits are not 
now open to our inspection, and that whole faunal provinces and 

I Die Ammoneen der Artinsk-Stufe. !\il!m. Acad. Im~r. Sci. St. Petersburg. 
seventh series, Tome XXXVII, NO.2, 1889. 

"Etudes sur les Goniatites. Ml!m Soc. Gl!ol. France, Pall!ontol., Tome VII, No. 
18, 1898. 
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regions are now obliterated, either washed away entirely, or 
covered by the sea, or concealed by later deposits. The first 
records in the rocks or in text-books do not, by any means, agr"e 
with the first appearance of any group in geologic history. This 
is clearly seen when one notes the constant pushing back of the 
records of the first appearance of types, that has taken place 
in the past ten years. Our ideas of the specialization of organic 
life in Cambrian and even pre-Cambrian time have had to 
undergo radical changes as the discoveries of new faunas have 
followed fast upon each other. 

Genus, Prodromites, gen. nov., Smith and Weller. 
Type, P. (Golliatites) gorbyi Miller, 1891, Advance Sheets 

Seventeenth An. Rep. Geol. Survey of Indiana, p. 90, 
Plate XV, Fig. I ; and Seventeenth An. Rep. Geol. Sur
vey of Indiana, 1892, p. 700, Plate XV, Fig. I. 

The type species was originally described as a goniatite, but a most lib
eral interpretation of that group could not include this form, which was 
assigned to that division simply because of its occurrence in Carboniferous 
rocks. 

The genus Prodromiles I is characterized by its laterally compressed, dis
cordal, involute, deeply-embracing whorls, narrow umbilicus, high, hollow 
abdominal keel, and complex, ceratitlc septa. Where the keel is broken off, 
as is usually the case, the abdomen is narrow, slightly flattened, and angular. 
The surface, so far as known, is smooth, and destitute of ribs, constrictions, 
or other ornamentation. The septation is the most distinctive feature of this 
genus, on account of the large number of serrated lobes, and an extensive 
auxiliary series of lobes and saddles. The ventral lobe is rather long and 
undivided, the saddles all rounded and entire, the first four or five lateral 
lobes are serrated, and in addition to these there is a series of several pointed 
and more or less irregular auxiliary lobes. 

The only Paleozoic form to which Prodromiles may be likened is Belo
ceras, which it resembles only in its compressed involute form and the multi
plication of the elements of the septa. The resemblance is not great, but 
the agreement is fundamental, and these two genera may safely be placed in 
the same family or phylum. A much greater resemblance and probably kin
ship connects this form with Hedmslroemia Waagen, of the Lower Trias of 
the oriental region. The best known species of that genus is H. mojsisollicsi 
Diener, Pal. Indica, Cepltalopoda of lite Lower Tnfu, page 63, Plate XX, 

I The etymology of the word is from the Greek of scout or forerunner. 
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Figs. 1 a-c. In Hedmstroemia, as defined by Waagen,' the ventral lobe is 
divided, the external saddle divided by adventitious lobes; the first four 
lateral lobes are serrated, and there is a series of about six pointed auxiliary 
lobes. The form is. flattened, involute with narrow and angular abdomen. 
No keel is known, and the shell is smooth. In Prodromites the ventral lobe 
is undivided and the external saddle is entire and rounded; but in the serra
tion of the first four or five lateral lobes and in the auxiliary series it is almost 
identical with Hedenstroemia, as also in the form, with the exception of the 
keel, which may not have been preserved on the· few specimens known. 
There can be no doubt that these two genera belong to the same family, and 
even subfamily, in spite of the long time that intervened between the Kinder
hook formation of the Lower Carboniferous and the Lower Trias. Heden
stroemia, according to Waagen,z belongs to the Pinacoceratidre, subfamily 
Hedenstroeminre, which also contains Clypites Waagen, and Carnites Mojsi
sovics, of the Lower Trias. The family Pinacoceratidre in the broader sense, 
as defined by Waagen (op cit., p. 139), contain all forms with compressed 
involute whorls, many lateral lobes and saddles, and an auxiliary series of 
lobes outside of the umbilicus. In this family belong the following sub
families: (I) Medlicottinre, (2) Beloceratinre, (3) Beneckeinre, (4) Heden
stroeminae; all of which have representatives in American Paleozoic or 
Triassic strata. 

It is not likely that Prodromites is a descendant of Be/oeeras, since the 
septation is quite different in the two genera; and unless Hedenstroemia 
should be found to have a keel, it is not likely that it has descended from 
Prodromiles. Be/oeeras is commonly placed under the Prolecanitidae, 
although it antedates any typical species of Pro/eeanites. On the other hand, 
Med/ieottia, which is closely related to Prodromites, seems certainly to have 
been a descendant of the typical Prolecanitidre. No solution of these ques
tions is possible until the ontogeny of several of these genera is known, which 
is prevented at present by a scarcity of specimens. Until other evidence is 
forthcoming, Prodromites is placed in the family Pinacoceratidre, subfamily 
Hedenstroeminre. 

This genus is not founded solely on Miller's figure, which is not accurate, 
nor even on his type specImen, but also on three other specimens of this 
species, and one of another species, bringing out certain characters that did 
not show on Miller·s type. 

The writers have had at their disposal for study four specimens of 
Prodromites gor!Jyi Miller, and ont: of P. praematurus S. and W., all of 
which, except one, belong to the paleontological collection of the Walker 

'Pal. Indica. Salt Range Fossils. Fossils from the Ceratite Formation, p. 140. 

'Pal. Indica. Salt Range Fossils, Vol. II. Fossils from the Ceratite Formation, 
P·140 • 
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Museum at the University of Chicago, to the authorities of which the writers' 
thanks are due for the use of the specimens. The first specimen.' No. 6208, 
is Miller's type of Goniatites gorbyi, and came from the Chouteau limestone 
at Pin Hook Bridge, Pettis county, Missouri. A seco"nd specimen, No. 6474, 
was secured from Professor G. C. Broadhead. It is better preserved than the 
type, but in the same sort of limestone, and while it is merely labeled" Chou
teau limestone, Pettis county, Missouri," it probably came from the same 
locality as the type. A third specimen, No. 6222, is recorded merely from 
the Kinderhook beds of Burlington, Iowa. The material in which it is pre
served is a buff or yellowish, rather finely crystalline limestone, the position 
of which in the Kinderhook section at Burlington is probably near the top, 
between the oolitic limestone and the buff magnesian bed, which lies imme
diately below the Burlington limestone of Osage age, or in the basal portion 
of the oolite bed. This horizon may then be correlated with the Chouteau 
limestone of central Missouri. 

A fourth specimen of P. gorbyi was studied by the writers in the collection 
of Fred. Braun, of Brooklyn, N. Y. It came from the Kinderhook goniatite 
bed of Rockford, Indiana, associated with Prolecanites lyoni Meek and 
Worthen, Aganides rotatorius de Koninck, Muensteroceras oweni Hall, M. 
parallelum Hall, and thus is certainly in the zone of Aganides rotatorius of 
the Toumaisian horizon of the Lower Carboniferous. 

A fifth specimen of the genus, No. 6223, belongs to a new species (P. 
praematurus Smith and Weller). It came from the Kinderhook goniatite 
beds of Rockford, Indiana. 

Geologic korizon.-Since this genus occurs in the same horizon, in rocks 
of different lithologic character, and in three localities separated by hundreds 
of miles, it may be considered as characteristic of the Chouteau limestone 
horizon of the Lower Carboniferous, equivalent to the lower part of the Tour
naisian horizon of the European Dinantian formation. At present Prodromites 
is unknown outside of America, and but two species are known, in the Mis
sissippi valley region, from the three localities mentioned. 

Prodromites gorbyi Miller. Plate VI, Figs. I. Plate VII, Fig. 9. 
Plate VIII, Figs. I, 2. 

1891 Goniatites gorbyi Miller, Adv. Sheets, Seventeenth Rep. 
Geol. Survey of Indiana, p. 90. Plate XV, Fig. I. 

1892 Goniatites gorbyi Miller, Seventeenth Rep. Geol. Survey 
of Indiana, p. 700. Plate XV, Fig. I. 

Neither the description nor the figure given by Miller of this type is accu
rate, the drawings of the septa being entirely too generalized. 

':rhe numbers refer to the Walker Museum collection. 
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The form is laterally compressed, involute, discoidal, with very narrow 
umbilicus. The abdomen is narrow, and surmounted by a high narrow hol
low keel, which however is usually not preserved. Where the keel is broken 
away the abdomen is narrow, less than a millimeter wide, with angular edges. 

The sides are smooth, devoid of constrictions, ribs, or other ornamentation, 
so far as could be determined from the casts. 

The septa are complex, ceratitic, with many lobes and saddles. The 
ventral lobe is long and undivided. The external saddle is rounded and 
shorter than the laterals. The first lateral lob~ is serrated, four-pointed: the 
second, four-pointed; the third, the three-pointed; the fourth, irrl!gularly 
three-pointed; the fifth irregularly bifid. With the sixth lateral lobe begins 
the auxiliary series of goniatitic lobes, which are of irregular size, and eight 
in number, growing smaller towards the umbilicus. These characters could not 
be made out distinctly on Miller's type specimen No. 6208. but the details were 
clearly :seen on specimen No. 6-'74. from the same locality. The differences 
between the two specimens, at a casual glance. might seem to be specific, but 
closer study shows them to be due to difference of preservation, and to different 
sizes at which the septa are seen. The lype specimen shows the keel only 
at a few places on the periphery, and so indistinctly that Miller overlooked 
it, while No. 6474 shows the keel, 3~ millimeters high, entirely around the 
periphery. On both specimens the body chamber is incomplete and occupied 
a little over a quarter of the last revolution. It is not known what was 
the shape of the aperture, how long the body chamber was, when the keel 
began, nor what the internal lobes were like, since none of the specimens 
available sufficed to settle these questions. 

A smaller specimen, ~o. 6222, from the Kinderhook beds of Burlington, 
la., showed much Simpler septa, and the narrow angular abdomen with the 
keel broken off. It is undoubtedly in the beginning of the mature stage of 
growth, and was of value in showing the shape of the cross-section, since 
both sides were free from the matrix. while in all other specimens one side 
was fixed to the matrix. 

At present thl!re are known ollly four specimens of Prodr01ltitt!s ,l{orb),i. 
I. ;\liIler's type, from the Chouteau limestone at Pin Hook Bridge. Pettis 

county, Missouri. N.). 6208. Paleontological Collection, Walker Museum. 
University of Chicago. This is the type of the genus Prodrolllitt!s Smith and 
Weller. 

D1ME:SSIONS 

Diameter 
Height of last whorl -
lieight of last whorl from the preceding 
Width of last whorl 
Involution 
Width of umbilicus 

29 
4 
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2. Specimen obtained from Professor G. C. Broadhead, Chouteau lime
stone, Pettis county, Missouri, probably from the same locality as the last. 
No. 6474, Paleontologi<;al Collection, Walker Museum, University of 
Chicago. 

DIMENSIONS 

Diameter 
Height of last whorl 
Height of last whorl from the preceding 
Width of last whorl 
Involution 
Width of umbilicus 

30 

5 ? 

3· Specimen from the Kinderhook hmestone of Burlington, la., near the 
top of the Kinderhook Series as exposed at that locality. No. 6222, Paleon
tological Collection, Walker Museum, University of Chicago. 

DIMENSIONS 

Diameter 
Height of last whorl -
Height of last whorl from the preceding 
Width of last whorl -
Involution 
Width of umbilicus about 

75 IUm 

42 
25 
10 

17 
4 

4. Specimen from the Kinderhook goniatite limestone of Rockford, Ind.; 
in the paleontological collection of Fred. Braun, of Brooklyn, N. Y., where it 
was examined by the writers. Its dimensions are about the same as of the 
two specimens from :\tissouri. 

Prodromites praematurus sp. nov., Smith and Weller. Plate 
VIII, Figs. 3, 4. 

Type is specimen, No. 6223, Paleontological Collection, Walker Museum, 
University of Chicago. Form laterally compressed, discoidal, involute, deeply 
embracing, with narrow umbilicus, narrow slightly flattened abdomen sur
mounted by a hollow keel three millimeters high. Whorl indented by the 
preceding whorl to a little over one third of its height. Surface smooth, so 
far as known. 

The septa are complex, ceratitic, with rounded entire saddles, serrated 
lateral lobes, and a series of auxiliaries above the umbilicus. The ventral 
lobe is narrow, and undivided; the first lateral is longer. and three pointed; 
the second lateral, four-pointed; the third lateral, bifid: the fourth lateral, 
bifid. but more deeply so than the third: then begins a series of auxiliary 
lobes, undivided and pointed, seven in number. 
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The only species with which Prodromites praemalurus might be com
pared is P. gorbyi, from the same horizon; but in P. praemalurus the abdo
men is slightly broader, the shell rather thicker, the septa rather more 
complex, and the umbilicus slightly wider than on P. gorbyi at the same 
diameter. In the figures and the descriptions of the septa a difference 
between the two species may easily be seen. 

DIMENSIONS 

Diameter 
Height of last whorl -
Height of last whorl from the preceding -
Width of last whorl -
Involution 
Width of umbilicus 

34 
- 21 

9·.5 
13 

6·5 
This specimen was septate throughout, so the length of the body cham

ber could not be ascertained. 
Only a single specimen is known, No. 6223, of the Paleontological Col

lection, University of Chicago, from the Kinderhook goniatite limestone of 
Rockford, Indiana. . 

CONCLUSION 

In Prodromitu we have the oldest known ammonite and the 
most complex ammonoid yet described from strata older than 
the Permian, occurring only a short distance above the base of 
the Lower Carboniferous. In all probability the ancestors of 
this genus had already become ammonites before the close of 
the Devonian, but we do not know where to look for them. 
The Kinderhook ammonoid fauna is exotic in America, and 
seems to be exotic wherever it is known. But in the faunal 
region from which this migration came we may expect to find a 
highly specialized fauna of which those forms that made their 
way into Europe and America in Tournaisian time are but a 
fragment. We have, as yet, no clue as to where this region 
was, but the vast unexplored Paleozoic stretches of Asia lead us 
to hope for much new information when that continent shall be 
thoroughly investigated. 

The occurrence of such forms as Prodromites, without local 
ancestors serve only to emphasize our ignorance of the ancient 
zoology of regions outside our own, and should stimulate 
research in geographic distribution of fossil faunas. 
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JOUR. GEOL., Vol. IX, NO.3 Plate VI 
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JOUR. C;WJ. .• Vol. IX. :-';0 3 Plate \' II 

1 
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JOUR. CEO!.., Vol. IX, No. 3 Plate VIII 
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EXPLANATION OF PLATES 

(All lieu"'" an: natural size) 

PLATE VI 

FIG. I. Prodromites gor!Jyi (Miller). No. 6208 Pal. ColI. Walker 
Museum. Miller's type specimen from the Chouteau Limestone, Pin Hook 
Bridge, Pettis county, Missouri. 

PLATE VII 

FIG. I. Prodromiles gor!Jyi (Miller). No. 6474 Pal. ColI. Walker 
Museum. From the Chouteau Limestone, Pettis county, Missouri. 

PLATE VIII 

FIG. I. Prodromzles gor!Jyi (Miller). No. 6222 Pal. Coil. ·Walker 
Museum. From the Kinderhook beds, Burlington, Iowa. 

FIG. 2. Front view of the same. 
FIG. 3. Prodromiles praemalurus sp. nov. Smith and Weller. No. 6223 

Pal. ColI. Walker Museum. From the Kinderhook Goniatite bed, Rockford, 
Indiana. 

FIG. 4. Front view of the same. 
FIG. 5. Septa of Hedenstroemia mojsisovicsi Diener. After C. Diener. 

Pal. Indica, series 25, Vol. II, Part II, Plate XX, Fig. Ie. 

JAMES PERRIN SMITH, 

STUART WELLER. 
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EDITORIAL 

IN the death of Dr. George M. Dawson, director of the geo
logical survey of Canada, American geology has lost one of its 
ablest representatives. Not only as an individual worker, but as 
an administrator, he displayed unusual capacity and gave prom
ise of still larger achievements in the future. That so promising 
a career should be cut short so suddenly at the climax of its 
productiveness is sad indeed, and the loss is keenly felt by the 
scientific world. When the vastness of the area whose investi
gation was being conducted under his direction, and its important 
relations to many of the great outstanding problems of geology, 
are recalled, the misfortune of the interruption of his successful 
administration and of his personal labors is most fully realized. 

Dr. Dawson enjoyed unusual privileges of education and 
early association, which, combined with his native capacity for 
absorption and assimilation, gave him an unusual breadth of 
learning and catholicity of interest, and these qualities were 
called into active and manifold expression in the exposition of 
the broad and complex phenomena of the great Canadian field. 
He was gifted with notable literary abilities, and these, com
bined with a charming personality, gave grace and geniality to 
all his presentations. We hope to present a critical sketch of 
his work in a future number. T. C. C. 

IT is a hopeful sign for the future terminology of our science 
that manifestations of dissatisfaction with its current nomen
clature are just now taking on active and declared forms. During 
the last few weeks conferences have been held in different 
quarters at which the improvement of existing usage has been 
the special subject of discussion. It is not proposed to dwell 
upon these here, though it is hoped that the JOURNAL may have 
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something further to say upon the subject at an early date, but 
merely to say a word on the special issue raised by the articles 
of Messrs. Cumings and Siebenthal in this number, which appear 
together by mutual concurrence. These articles bring up the 
question how far the law of priority, rigorously interpreted, 
shall determine all subsequent usage, and how far other consid
erations may properly weigh against it. It appears that in this 
case the term" Bedford" was used by Owen as early as [862 in 
describing the well-known Indiana formation; but that it was 
not then formally proposed as the scientific name of the forma
tion. In 1870 Dr. Newberry proposed the name" Bedford shale" 
for an entirely different formation, found at Bedford, Ohio. Since 
then the term" Bedford stone" has become familiar throughout 
the country as the commercial designation of the rock so exten
sively shipped from the Indiana town, and this use will quite 
certainly continue in spite of any technical usage which geolo
gists may propose.· Two practical questions therefore arise: 

I. Does the familiar use of a term in an official report as the 
designation of a given formation in any sense or to any degree. 
preoccupy the term so that it may not be used advisedly as 
the formal name of any other formation, particularly a formation 
in the same geological province? Specifically, did the use of the 
term "Bedford rock" by Owen in any degree preoccupy the 
term" Bedford" so that it was improperly selected as the formal 
name of a formation in Ohio? 

2. Does the growth of such a name into very common 
usage, together with the certainty that this common usage must 
prevail in spite of any technical practice that may be adopted 
by geologists, constitute a sufficient reason for not applying the 
term technically to any other formation in the same province? 

There is also the more general question, whether our science 
should be burdened for all time to come by infelicities in the 
choice of a name made by a busy worker who may have been 
able to give but a passing thought to the selection of a name, and 
who may have been unaware at the time of the infelicities likely 
to arise out of it. In short, shall the rule of priority, rigidly 
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and technically interpreted, be observed -for all -time, however 
infelicitous it may prove to be? 

These are questions upon which at present there are differences 
of opinion. It seems altogether wise to keep them in a state 
of agitation until geological opinion shall formulate itself on 
mature and permanent grounds. We are passing from the 
initial stages of our science, in which the discovery of forma
tions, like the discovery of animal and plant species, has pre
dominated, into a more mature stage, in which these elements 
will lose their importance through the recognition of gradations, 
of evolutions, and of th03e broader and profounder relationships 
~hich will constitute the really important phases of the subject 
to future students. It is fitting, therefore, that we. should con
sidCf" whether the verbal lumber that may have had importance in 
the initial stages shall be transmitted, without modification or 
adaptive evolution, to the whole future of the science. To the 
writer it seems important to the future of the science that its 
language should be developed along the lines of greatest service
ability and esthetic merit. It seems, furthermore, quite possible 
to give all due honor to the initial discoverer without injury to 
the language of the science; indeed, it would seem in some 
instances that the initial discoverer would be honored by the 
reje~tion or the modification of his unfortunate nomenclature. 
Is it not within the limits of permissible practice to set aside an 
unfortunate name and to substitute a new one, and at the same 
time leave the credit of primal identification to the original 
author? It does not seem that priority of discovery and of 
description is inseparably connected with priority of nomen
clature. 

It is not the purpose of this note, nor the policy of the 
JOURNAL, to urge at once a decision in this special case or in 
similar cases, but rather to urge that the question of nomen
clature be kept open and be the subject of thoughtful study 
until all of the considerations that should enter into the forma
tion of the language of the science have been brought forth 
into distinct recognition and have been duly pondered. After 
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sufficient time has been allowed for "a deliberate consideration 
on these broad<:r lines, and a consensus of opinion has been 
matured as a result, general rules may perhaps be reached. 
Meantime a measure of freedom may be allowed to individual 
judgment. T. C. C. 

THE writer has read the proof of the article" On th~ use of 
the term Bedford limestone," by Mr. C. E. Siebenthal, which 
appears in this number of the Journal of Geology. Mr. Siebenthal's 
argument in reference to .. the prior claims of Indiana to Bedford 
as a formation name" rests entirely upon the occurr~nce of the 
term" Bedford rock" in Owen's report on Lawrence county, 
published in· I 862, which we have shown was not used in the 
sense of a formation name and was not described. The sentence 
in which" Bedford rock" occurs is as follows: .. The Bedford 
rock has long been celebrated for its excellent qualities as a 
building stone, and is extensively shipped; additional localities 
are being opened, and only require the liberality of railroad 
directors to furnish switches and other facilities for still more 
e"tended sales.'" The name was used in the same sense as the 
names of hundreds of other towns have been applied to the 
rock' quarried in their vicinity but without any intention to have 
them serve as the names of geologic units. If they were recog
nized as formation names the number of synonyms for the con
sideration of the stratigraphical geologist would be enormously 
increased. 

Bedford shale was published as the name of a geological 
division by Dr. Newberry in 1870· and fully described by him 
in 1873.3 Following the single occurrence of .. Bedford rock" 
in Owen's report the next citation of .. Bedford stone" by Mr. 
Siebenthal is from the Indiana report for 1873, published in 
1874,. in which Professor John Collett described the" Geology 

I Rept. Geol. Reconnaissance Indiana, 1862, p. 137. 

-Rept. Geol. Surv. Ohio, Pt. I, Rept. Progress in, 186«}; p. 21. 

3 Rept. Geol. Surv. Ohio, Vol. I, Pt. I, pp. 188, 189. 

4 Fifth Ann. Rept. Geol. Surv. Indiana made during the year 1873-4, p. 276. 
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of Lawrence county" and under the geological division of the 
St. Louis limestone, which was composed of beds No. 24-17 

inclusive, he stated that .. bed No. 22, is the quarry bed which 
furnishes in unlimited supply the famous 'Bedford stone' so 
favorably known. . . . . This stone is composed almost wholly 
of minute fossils cemented with shell and coal dust. It varies 
in color. from gray to a creamy white, and may be quarried in 
blocks or columns the entire thickness (12 feet) of the stratum."" 
Under the geological section of the county bed No. 22 is described 
as "White quarry limestone" from 4 to I 2 feet in thickness.~ 

It is evident on reading the report that Professor Collett did not 
use the term "Bedford stone" as the name of a geologic unit~ 
Furthermore, this report and the following citations by Mr. 
Siebenthal have no bearing upon the question of the priority of 
Bedford as a formation name because they are all antedated by 
Dr. Newberry's precise delimination and description of the 
Bedford Shales of northern Ohio. 

Mr. Siebenthal's second point that" to the trade, Bedford 
stone it will be to the end of the chapter" does not appear to the 
writer to have any particular bearing upon the question. He 
does not believe when a scientific classification and one used in 
trade fail to agree that it is necessary for the former to withdraw 
in favor of the commercial one. A still more striking example 
of the difference between the trade and geological name is that 
of the" North or Hudson River bluestone," the trade name used 
for the sandstone so largely employed for flagging and house 
trimmings in N ew York and other eastern cities. The trade 
name was in use before the rocks of eastern New York were 
classified; but the geologists did not use it for the name of a 
geological division, although the name Hudson River group was 
used for an older formation than the one in which the quarries 
were located. The belt of country containing this· "bluestone ,. 
extends for nearly one hundred miles north and south on the 
western side of the Hudson River and the early quarries were in 

I Fifth Ann. Rept. Geol. Surv. Indiana made during the year 1873-4. p. 276. 

• Loc. cit., p. 265. 
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rocks of the Hamilton formation. As these were partially 
exhausted new quarries were opened to the westward in rocks 
of the Sherburne formation, and later farther west in the Catskill 
Mountain region in rocks of the Catskill formation. At the 
present time the greater part of the "bluestone" is obtained 
from the Sherburne and Catskill formations; but to the trade it 
is all generally known and sold as the" Hudson River bluestone." 

The name Bedford shale was given by Dr. Newberry to the 
geologic unit which is well exposed at Bedford village, southeast 
of Cleveland. The formation varies in thickness from fifty to 
one hundred feet; is sharply defined lithologically with its base 
resting on top of the black Ohio shale while its top is marked 
by the base of the. Berea grit. In distribution it extends from 
eastern Ohio across the northern part of the state to Huron 
county, and thence south across the state to the Ohio River and 
into Kentucky. At a few localities in northern Ohio, especially 
near Cleveland, the shale includes from fifteen to twenty feet of 
valuable sandstone which is used considerably in that city for 
flagging and building stone. The Bedford shale of Ohio is as 
thick a formation as the Bedford limestone of Indiana; litholog
ically it is more sharply limited; it has, apparently, as great 
areal distribution; as the name of a definite geologic division it 
has appeared in geological literature for a longer time and to a 
much greater extent; but it does not contain as valuable 
economic deposits of building stone. 

CHARLES S. PROSSER. 
May 2, 1901. 
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The Norwegiall Nor/I, Polar Expedition, I893-I896. Scientific 
Results. Vol. II. Edited by Fridtjof Nansen. Longmans, 
Green & Co., London, New York, 1901. VI. H. Geelmuy
den, Astronomical Observations, pp. 1-136, with two charts. 
VII. Aksel S. Steen, Terrestrial Magn£tism, pp. 1-196, with 
17 plates. VIII. O. E. Schietz, Results of tke Pendulum Obser
vations and some Remarks on the Constitution of tke Earlh's 
Crust, pp. 1-90. 

The astronomical observations have their chief geological value in 
the accurate determination of localities. While they are thus funda
mental and indispensable, they afford in themselves little matter of 
note for the reviewer. The observations were chiefly made by Captain 
Sigurd Scott-Hansen. They are abundant and bear evidence of hav
ing been taken with accuracy, and they t)lus contribute a valuable pre
cision to all other observations dependent upon locality. 

The second part of the volume is devoted to the discussion of the 
magnetic observations of the expedition, which were also made by 
Scott-Hansen. Concerning the value of these observations, Mr. Steen 
remarks: "It is of especial importance to obtain determinations of 
the magnetic elements from the polar regions, because the observations 
have naturally hitherto been rather scarce from these deserted wastes, 
containing large tracts where the foot of man has never yet trod, and 
whose physical conditions place all kinds of difficulties in the way of 
delicate scientific investigations. They are also important because the 
action of the earth's magnetic forces in these very regions, judging 
from the observations that have been obtained, presents peculiarities 
to which there is no parallel in the temperate and torrjd zones." The 
general results are summarized in tables giving the declination, hori
zontal intensity, and inclination at the numerous localities of observa
tion. 

The third part, which relates to pendulum observations, has, with· 
out doubt, the greatest interest for geologists. These pendulum 
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observations are the first systematic determinations of the force of 
gravity over the great ocean depths. .. The observations show that 
the gravity may be regarded as normal over the polar basin; and as it 
is not probable that this is a peculiarity of the Polar Sea, we are led to 
the assumption that the force of gravity is normal all over the great 
oceans. The increased attraction observed on ocea,nic islands must 
therefore only be due to the local attraction of the heaped-up masses at 
~h~ bottom of the ocean that form' the islands" (p. 63). , This deter
mination of the normal character of the force of gravity over the 
-ocean dep,ths,if its. theoretical extension to all the ocean basins be 
justified, must be regarded as a contribution of the first order. The 
determi.nation, iii the polar basin was made possible by the relative 
fixity of the vessel in the ice. 'T~e tremors which more or less con
stantry affeCt 'the' polar ice sheets may perhaps have'slightly influenced 
the results but probably in no serious way. Regarding the theoreti
cal extension, it is however to be noted that these polar observations 
were nowhere' made at a great distance from the edge of the conti
nental plateau, and that the extent of the depression is undetermined, 
and that. furthermore, the depth of the sea is somewhat less than the 
average depth of the ocean. "l'he polar basin is 'probably not, at most, 
much: greater in extent thaD the Mediterranean basin, and may be 
much less. It would seem, therefore, that some reserve may be 
prudently' exercised 'in accepting the assumption that the observations 
m' the Polar Sea- determine the force of gravity over the great ocean 
depths in general. In view of the' importance of determining this 
beyond question, 'it may be suggested that attempts be made to make 
pendulum 'observations'in the calm belts of the tropics. ' This sugges
tion is made on the assumption that ·the sea might there be found 
~ufficiently calm to permit observations of approximate accuracy. 

The discussion: of the crust of the 'earth, which follows that of the 
pendulum' observations, is less satisfactory than it might' have' been, 
ewing to the limitation of the theoretical assumptions to a single line 
of ,hypothesis; Apparently the results might be appreciably different, 
;f·d'iff~rent· hypotheses of the internal constitution of the -earth 'had 
been assumed.' The'discussion proceeds upon the conception that all 
the ,differences iii, the d'enSity:of the solid portion of the earth'are con
fined to its superficial portion. This is doubtless in accord -with 
pres-entmajority"views based on deductions derived from pre~alent 
theories as to,the origin and 'early state, of the earth, but it is none the 
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less unsatisfactory, because it involves some assumptions which _ ate 
apPllrenti.y iQcQropatible w:ith the necessary deductions of. pllysics, 
and: wJ:1i:cp, . .be aba~done ay happen t 
sp€;culativ.e c::arth's gen~is. e._ it~ i.II, ass,ume 
that there is' nucleus of uni orming a per 
fect spheroi: _outer surface e ocean bottom 
was original uite on a leve the continents 
and that the present oceanic depressions ~re the result of progressive 
sinking due to cooling. Lord Kelvin, however, is authority for the 
statement 'that II there seems to be no possibility that our present day 
continents could nave risen to their present height~, or th~t the surface 
of the solid in its oth(!r parts ~Olild have sunk 'down to their presen~ 
ocean dept twenty or tw o~ years whlc 
may ~ave pa consislmlior sl during any tim 
however Ion Age of the E bode' Fitte.d fo 
Life, p. io6 onclusion is su dependent' cop 
sideratiol1s: . ss of the earth ri~ _bi P~ofesso 
Schietz to be 0.02 of the earth's radius, or about eighty miles; If as 
supposed it rests upon a spheroidal nucleus of uniform density and pe-r
feet form, the difference iIi thickness in different parts amounts to 
fully 10 per cent. of its own thickness when reckoned only between 
plateaus and anti plateaus, neglecting mountain heights. A diffirenu 
of con tractio un t of 10 per 'ncredi ble, as i 
also any re h to this amo rag~ differenc 
between the the crust ben nental plateau 
and that ben bottoms is, u ption made b 
the author, er cent. of -th thickness, an 
this is more· an can reasonably be attri ute 0 any iffirenu in con
traction due: to co()ling. In view of these and other considerations, it 
would have been more satisfactory if the discussion had been extended 
to the postulates of other hypotheses of the inner constitution of the 
earth; amo~g them, the assumption that an uneven, distributfon of 
density reaches to profound depths_ 

Neverthe at gain to the 
that a treatm oblem from th 
data extend 
be confined 

surface has 
e_ <;>f ,hypothetic 

arth's dynamic 
Ylof pendulum 
even though i 
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Meteorological ObservaliollS of Ike Second Wett11ldl1 Expedition. By 
EVELYN B. BALDWIN, Observer, Weather Bureau. Report of 
the Chief of the Weather Bureau, United States Department 
of Agriculture, 1899-1900. Part VII. Washington, 1901. 

This report embraces in full detail the meteorological observations 
made by Mr. Baldwin in connection with the second Wellman expedi
tion. The observations relate especially to the meteorological condi
tions at and in the vicinity of Franz Josef Land, from June 1898, to 
August 1899, embracing observations made on shipboard between 
Tromso, Norway, and Franz Josef Land, those made at Harmsworth 
House and at Fort McKinley, on Franz Josef Land, and those made in 
the field, partly on Franz Josef Land and partly on the ocean north of 
there. To atmospheric geologists, the summations relative to the 
prevalent direction of the wind and cloud movements will perhaps 
possess the greatest interest. These show that the prevalent atmos
pheric movement was emphatically from the northward. The o~serva
tions upon the upper clouds, which perhaps best express the general 
movement, may be grouped as follows: 

N.W. - 19 per cent. 
N. - 20 per cent. 
N.E. - 19 per cent. 
E. - 10 per cent. 

- 68 per cent. 
S. E. - 4 per cent. 
S. 2 per cent. 
S.W. - 2 per cent. 
W. - 6 per cent. 

14 per cent. 
Calms - 18 per cent. 

Fifty-eight per cent. are from N. W., N., and N. E., while only 24 

per cent. are from the remaining five points. 
Separating these into those that have an easterly and westerly com

ponent, the observations take this form: 

North - 20 per cent. 
With easterly component: 

N. E. - 19 per cent. 
E. 10 per cent. 
S. E. 4 per cent. 

- 33 per cent. 
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With westerly component: 
N. W. 
W. 
S. W. 

19 per cent. 
6 per cent. 
2 per cent. 

- 27 per cent. 
South - 2 per cent. 
Calm 18 per cent. 

277 

From these data it will be seen that there is but very slight pre
ponderance of the easterly component over the westerly, and that the 
aggregate direction is almost due north. 

Analyzing in a similar way the observations on the lower clouds, 
we have: 

N.W. - 13 per cent. 
N. - 20 per cent. 

.N. E. - - 25 per cent. 
E. - 5 per cent. 

- 63 per cent. 
S. E. - 7 per cent. 
S. 6 per cent. 
S.W. - IS per cent. 
W. - 6 per cent. 

- 34 per cent. 
Calm - 4 per cent. 

Summing up with reference to eastward and westward components, 
we have the following: 

North - 20 per cent. 
With easterly component: 

N. E. 25 per cent. 
E. 5 per cent. 
S. E. 7 per cent. 

With westerly component: 
N.W. 
W. 
S.W. 

South -
Calm 

13 per cent. 
6 per cent. 

15 per cent. 

- 37 per cent. 

- 34 per cent. 
6 per cent. 
4 per cent. 

The result is practically the same as before. 
The emphatic preponderance of northerly winds, and the slight

ness of the average deviation to the east over that to the west, are 

Digitized by Google 



REVIEWS 

points of interest and should receive the consideration of. the advocates 
of a "circumpolar whirl." Of course, conclusions are not to be drawn 
from these limited data (and data'taken in an exped'ition of this kind 
are necessarily limited), ,but they-are in consonance with many other 
data that invite 'a reconsideration of prevalent theories 9f atmospheric 
circulation',' , 

When the con4itions under which these observations were made 
are conside'red, their number and their 'nature must be regarded as a 
high tribute to' the scientific devotion of the 'observer. ; '" , 

" T:,C. C. 

The Oriskany Fauna of Becraft Mountain, Columbia County,' N. Y. 
By]. M. CLARK, Ph.D., Mem. N. Y. St. Mus., NO.3, Vol. III. 

Becraft Mountain is an outlier 'c::omposed chiefly of, ,strata of early 
Devonian age, resting conformably upon the upturned slAtes of the 
Hudson River fo~mation. A p'reliminary paper on the fauna of the 
Oriskany formation at this locality was published in 1899 by Professor 
C. E. Beecher, being accompanied' by a list of the species present iden
tified by the author of the present report. It was shown at that time 
that the fauna was, a peculiar -cine, consisting of an intermingling of 
Helderbergian and Oriskany forms. The present report is a detailed 
description of the fauna ac~ompanied by~ood illustrations of all the 
species, 

This discussion of the Becraft Mountain Oriska~~; fauna by' Dr. 
Clark, bringsc1early into view a very different conception of the 
faunas of Oriskany age in eastern NOrth America from that which has 
become known through 'Volume III of the New York Paleontology. 
At Becraft's Mountain, and in' strata extending southward through 
New York and into New'Jersey, a calcarious facies of Oriskany sedi
mentation occurs, which contains a very different assembly of organ
isms from that of the original Oriskany sandstone, and which is con
sidered by Dr. Clark as, being -the normal fauna of the period. In 
this connection Dr. Clark writes: "In the earlier presentation of this 
fauna it was regarded as of Lower Oriskany horizon, on account of the 
presence of many Helderbergian species, but we believe ,it will be more 
correctly construed:as the representation of the proper and normal 
Oriskany fauna, the true fauna of ,this time unit inc,losed io,the sedi
ments of its prope'r habitat.," 
.. : The character of. the Oriskan.y sandstone deposits in, New York 
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from Schoharie county westward are shown to be" a series of arena
ceous lenses connected by thin sheets of quartzitic sandstone." In 
regard to the fauna of these lenses, i~ is said: "Tpe great brachiopods, 
Spirlfer armosus, Rmsselaeria O1JOidM, Hipparionyx proximus, and Men·
stella la/a, with Tmtaculitu elonga/us, 'which are the species generally 
present in these lenses, could not have had their habitat on such a 
deposit and in a sea whose depth favored such deposition. We shall 
not be wrong in regarding these accumulations of· remains in the 
true Oriskany sandstone as agglomerations, swept out of their facies 
and away from the more calcareous, deeper water deposits of the time. 
To regard them as species of the sandy facies of Oriskany t'ime would, 
I believe, be altogether erroneous. They appertain truly to the cal
carious facies and the normal fauna of the Oriskany time." 

In the summation of the fauna, nmety-four clearly defined species 
are recognized, of which" thirty-eight represent e'xpressions of species 
which began their existence in Helderbergian, time i on. the other 
hand but eighteen species of, the, fauna continue. t~eir existence or 
appear ,to be represented by closely allied, forms beyond the close of 
the Oriskany sedimentation." Twenty-nine species.of- the fauna are 
recognized in the arenaceous Oriskany beds. 

The evidence afforded by this fauna as. the true Silu,ro-Devonian 
boundary line Is of much importance. No one disputes th'e 'Devonian 
age of the Oriskany formation, and this fauna demonstrates that there 
is no' n~tural faunal break in passing from. the. Helderbergian to the 
Oriskany, as there's'hould be'ff the Helderbergian was excluded from 
the Devonian. 

The closing pages of the report are' devoted to.somewhat minute dis
cussion of the Silurian and Devonian characteristics of the Helderbergian 
fauna, both the positive and, the negative elements being considered, 
and to a discussion of the stratigraphic argument based, upon the rela
tionships of the Maulius limestone .. 

s. W . 

. , 

, " 

,I 
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GLACIAL AND INTERGLACIAL BEDS NEAR 
TORONTO 

AN article on the present subject was published in 1895 in 
the JOURNAL OF GEOLOGY; I but the five years since that time 
have added so much to the completeness of our knowledge of 
this important Pleistocene area as to justify a fresh account of 
the region. At the Toronto meeting of the British Association 
in 1897 the series of interglacial beds for which Professor 
Chamberlin had suggested the name .. Toronto Formation" 
aroused so much interest that a committee was appointed for its 
investigation and grants were made at this and the two follow
ing meetings to cover the expense of excavations to solve some 
problems in connection with the beds. The final report of the 
committee, prepared by its secretary, the present writer, with a 
~eparate report on Pleistocene plants in Canada by Professor 
Penhallow, was made at Bradford in 1900, summing up the facts 
and giving lists of the interglacial fauna and flora, thus provid
ing the materials for a more complete discussion of the events 
recorded in the "drift" of the region than has been attempted 
before. 

The interglacial beds of Scarboro' near Toronto were first 
studied more than 20 years ago by the well-known English pale-

IJOUR. GEOL., Vol. III, No.6, pp. 622, 645. 

Vol. IX, NO.4. 285 
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ontologist, Dr. George Jennings Hinde,' but his excellent work 
attracted little attention and the importance of the facts brought 
to light seems to have been overlooked by Pleistocene geologists. 
In 1894 the Don interglacial beds were described by the present 
writer,2 who has since then given careful study to the numerous 

FIG. I. 

and excellent sections presented by Scarboro' Heights, the ravines 
of the Don, and many excavations carried on in and about the 
city of Toronto. A large number of fossils have been collected 
by Mr. J. Townsend and the writer, and Professor Penhallow has. 
determined the plant remains, Dr. DaB and his assistants the 
shells, and Dr. Scudder the insects. These gentlemen have 
shown the greatest skill and patience in working up what was 
often very difficult material, and much of the value of the results 
of the investigation is due to them, particularly in determining 

I Canadian Journal, 1878, p. 388 et seg. • Am. Geol •• Vol. XIII, 1894, pp. 85-95. 
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the important changes of climate indicated. In the following 
paper an attempt will be made to give a connected history of the 
events which have occurred in the Ontario basin during the time 
represented by the Toronto Formation and the sheets of till 
below and above it, generally held to belong respectively to the 
Iowan and Wisconsin ice advances. 

RETREAT OF THE IOWAN ICE SHEET 

The retreat of the Iowan ice was probably accompanied by 
one or more lakes similar to those whose raised beaches, formed 
during the retreat of the last ice sheet, are so well marked 
around the present great lakes. Though no remnants of Iowan 
beaches are known to exist, there is strong faunal evidence of at 
least one glacially dammed Iowan lake. When the region was 
ice covered, all aquatic life must have been destroyed, so that 
any species occurring in interglacial beds must have migrated 
into the region from river systems beyond the reach of the ice. 
The unios which are so striking a feature of the lower beds of 
the Toronto Formation are Mississippi forms. As there is no 
more proof of direct connection between the Ontario basin and 
tributaries of the Mississippi during interglacial times than now, 
we may suppose that these shellfish entered the basin in a 
round-about way by means of an interglacial upper lake, drain
ing at first past Chicago into the Mississippi, but afterwards 
finding an outlet by the Laurentian river into the Ontario valley 
and thence into the gulf of St. Lawrence. 

After the Iowan glacier had retreated so far that lakes 
dammed by it had been drained, the St. Lawrence system of 
waters no doubt returned to much the same channels as before 
the advance of the ice, since there is no evidence that any great 
thickness of drift had been left to block the way. The lowest till 
at Toronto is generally thin, running from a foot or more near the 
bend of the Don at the paper mill to 8 or 9 feet at the Gerrard 
street bridge. At one point in the west end of the city, how
ever, 35 to 40 feet of till occur, but a well-defined "bowlder 
pavement," with all the stones at the same level and striated on 
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their upper surfaces, is found 4 or 5 feet above Lake Ontario, 
and perhaps indicates that the upper 30 feet are of later age 
than the Iowan. Farther west along the shore of the lake the 
till sheet is not more than 10 or 15 feet thick. So far as known, 
this layer of till is nowhere thick enough to have modified 
greatly the shape of the surface, which may now be roughly 
sketched. 

The highest point of the Hudson River shale near Toronto 
is at Weston, 7 miles northwest of the city, where it reaches 
about 200 feet above Lake Ontario. In the Don valley the 
shale runs from a little below lake level near the mouth of the 
river to 30 feet above it 2 or 3 miles to the north; but 5 miles 
east of the Don a well sunk at the foot of Scarboro' Heights 
failed to reach the rock at 4 I feet below the lake, and beyond 
this bedrock is not found for a long distance, first appearing at 
Pickering, 15 miles to the east. This implies a width of about 
25 miles for the mouth of the valley occupied by the preglacial 
(and also interglacial) Laurentian river whose old channel from 
Georgian Bay to Scarboro' has been indicated by Dr. Spencer.' 

. The valley narrowed somewhat rapidly, however, toward the 
northwest, for on the upper reaches of the River Rouge between 
Unionville and Markham numerous angular slabs of Hudson 
River rock, evidently not far from their source, are found more 
than 300 feet above Ontario. The distance from this point to 
Weston is 16 miles in a southwesterly direction, and between the 
two points, the ravines of the Don and wells which have been 
sunk prove that a channel of considerable depth existed. 

I Duration of Niagara Falls and History of the Great Lakes, pp. 18 and 19. 
Dr. Spencer's idea of a present channel 474 feet deep, running from Scarboro' 

Heights across Ontario to the deep water near the south shore seems founded on an 
erroneous sounding as marked on Hayfield's chart. A series of soundings carried out 
by the present writer in 1898 across the supposed deep channel showed no such inter· 
ruption in the gentle southward slope of the bottom, the depth at about the position 
of the 474 feet sounding on the chart being 175 feet. Probably the 4 is in mistake 
for I, and the true sounding was 174 feet. The old channel across Lake Ontario was 
filled in completely, so far as one can ascertain, by stratified clay and till in later 
times and so has long ago disappeared. The fact that Scarboro' Heights, risin¥ 375 
feet above the lake, have been piled up since then may be considered sufficient proof 
of this. 
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We may suppose then that the great preglacial valley, though 
coated with a sheet of bowlder clay by the Iowan ice, had 
probably much the same .form and dimensions at the end of that 
ice invasion as before. If there was an interglacial episode 
similar to the postglacial lake Iroquois no certain remains of its 
beach deposits are known, and the level of the water when 
the laying down of the Toronto Formation began was not 
greater than that of Lake Ontario and may have been consider
ably beneath it; for the lowest unio beds lie more than 40 feet 
beneath the present lake at Scarboro'. 

Before the formation of similar beds at higher levels consider
able erosion took place, as at the bend of the Don where these 
deposits occupy an old river channel cut through the Iowan till 
into the Hudson River shale to the depth of at least 16 feet, as 
shown by a cutting of the Don, at this point 19 feet above Ontario. 
The bowlder clay has been cut through to the shale in the western 
part of Toronto also, as shown in a well bored for purposes of 
exploration, the bottom of the interglacial deposits being 17 feet 
above Lake Ontario. It seems clear that rivers had been at 
work for some time before the unio beds were formed. 

WARM CLIMATE BEDS OF THE DON VALLEY 

The earliest beds of the Toronto Formation were deposited 
on the eroded surface of the Iowan till or on the shales which 
had been laid bare beneath it by river action; and they were 
formed probably in the shallow waters of a lake, though some 
features suggest the action of currents. At the bend of the 
Don, coarse, little rounded shingle of the harder layers of the 
underlying Hudson River rocks makes the lowest bed visible 
above the present river, and suggests the action of a current 
rather than of waves. Thick sheets of vegetable matter, 
greatly decayed twigs, leaves, reeds, etc., with trunks and 
branches of trees are interbedded with the shingle, however, 
showing that the current could not have been swift. Possibly 
these beds were formed just at the mouth of a small river like 
the present Don, where it entered a lake standing 20 or 30 
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feet higher than Ontario. If this is correct there had already 
been a damming back of the interglacial waters to a higher 
level than has been reached yet in postglacial times. This 
damming could not have been by ice, for the climate was at 
least as mild as at present, since the tree trunks referred to 
include wood of the red cedar. an elm, the pawpaw and three 
species of oak; and among the shellfish there are two not 
reported from Canadian waters at the present day, though 
founQ in the Mississippi, Quadrula (unio) pyramidata and 
Anodonta grandis.' 

As the beds at Taylor's brickyard, which have been des
cribed in former papers, have been traced as far east as the bend 
of the Don at the edge of the interglacial valley just referred 
to and also as a thin lower layer across these deposits, we 
may include the whole in one section, commencing with the 
bend of the Don as a basal series and running up through the 
series at the brickyard as far as the cold - climate stratified 
clays. 

SECTION AT TAYLOR'S BRICKYARD 
Feet 

8. Yellow or brown sand with some reddish clay (no fossils) 3-6o~ 
7. Blue peaty clay with some gray sand (unios, wood .. caribou 

horn) - 4~-57 ~ 
6. Yellow to brown sand with thin layers of purplish clay 

(shells) - -
5. Fine gray and yellow sand (unios and other shells) 
4. Blue stratified clay and sand (unios with other shells and logs 

of wood), above 2~ feet of bowlder clay resting on Hudson 
River shale -

SECTION AT BEND OF DON 

14-53 
3-39 

3. Brown clay with sandy layers (unios, campeloma, etc.) - 5-34 
2. Blue clay with sandy layers (unios, anodons, wood) - 6-29 
I. Coarse shingle with clay and peaty layers (shells and logs) 4-23 

River Don above Lake Ontario - 19-19. 

From the combined section given above it will be seen that 
the warm climate beds of the Don commencing 19 feet above 
Lake Ontario have a total thickness of 4 [~feet. It should be 

I Notes on Can. Unionidae, J. F. WHITEAVES, Can. Rec. Science, 1895, NO.5, p. 
250; and No.6, p. 365. 
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added however that no fossils have been obtained from the 
uppermost three feet of brown sand. The lower section differs 
slightly in fauna from the upper one, containing numerous 
anodons and campelomas, which are almost absent from the 
beds at the brickyard; but the unios and trees are alike. 

In previous papers the warm climate beds have been repre
sented as ending just beneath the peaty blue clay (No.7) which 
was considered to belo~g to the cool climate beds, chiefly 
because it contained peaty layers and had yielded a shed horn 
of caribou. Recently, however, the peat has been examined and 
found to contain no mica scales and very few mosses or spruce 
needles, which are very characteristic of the peaty layers 
belonging to clays of the cool climate. Instead of this the 
brown layers consist mainly of fragments of deciduous leaves. 
The recent finding of unios at the top of the blue clay strengthens 
the opinion that it and the brown sand above should be included 
with the warm climate beds. The lowest point at which the 
unio clays and sands have been found is 41 feet below Lake 
Ontario at the foot of Scarboro' Heights, giving a vertical range 
of more than 100 feet for the whole series of warm climate beds 
The following species have been obtained in the Don beds: 

FAUNA OF WARM CLIMATE BEDS, DON VALLEY 

Vertebrata: possibly mammoth or mastodon and bison, and an undetermined 
fish. 

Arthropoda: several undetermined beetles and cyprids. 
Mollusca: 

Unio undulatus 
.. rectus 
.. luteolus 
.. gibbosus 
.. phaseolus 
.. pustulosus 
.. trigollus 
.. coccineus 
.. occidens 
.. solidus 
.. clavus 
" pyramidata 

1 
I 
~ still living in Lake Ontario. 
i 
J 
I 
~ still living in Lake Erie, but not reported from 
I Lake Ontario. 
J 

} 
not known in the St. Lawrence system of waters, 

but living farther south. 
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Anodonta grand is, not reported from Canada. 
Sphaerium rhomboideum Planorbis parvus 

striatinum bicarinatus 
sulcatum Amnicola limosa 
solidulum po rata 
simi lis (?) sagan a 

Pisidium Adamsi Physa heterostropha 
compressum 

. .. novaboracense (?) 
Pleurocera subulare 

elevatum 
Lewisi (?) 

Goniobasis depygis 
Haldemani 

Limnaea decidiosa 
elodes 

ancillaria 
Succinea avara 
Bythinella obtusa 
Somatogyrus isogonus 
Valvata sincera 

tricarinata 
Campeloma decisa 
Bifidaria armata (land snail) 

In all there are thirty-nine undoubted species of mollusks, 
and three more probably, included in the fauna. Of these eight 
or ten have not been reported from Lake Ontario, but occur 
farther south. 

FLORA OF WARM CLIMATE REDS, DON VALLEY 

Acer pleistocenicum 
spicatum 

Asimina triloba 
Carya alba 
Chamaecyparis sphaeroidea 
Crataegus punctata 
Cyperaceae sp. 
Eriocaulon sp. 
Fraxinus quadrangulata 

sambucifolia 
americana 

Festuca ovina 
Hypnum sp. 
Juniperus virginiana 
Larix americana 
Madura aurantiaca 
Picea nigra 

sp. 
Pinus strobus 

Platanus occidentalis 
Populus balsamifera 

grandidentata 
Prunus sp. 
Quercus obtusiloba 

alba (?) 
rubra 
tinctoria 
oblongifolia 
macrocarpa 
acuminata 

Robinia pseudacacia 
Salix sp. 
Taxus canadensis 
Thuya occidentalis 
Tilia americana 
Ulmus americana 

racemosa 
Vaccinium uliginosum 
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Profe,sor Penhallow, from whose report to the British Asso
ciation in 1900 this list is taken, states that "within this area no 
less than thirty-eight species have been recovered, and they point 
conclusively to the existence of climatic conditions differing 
materially from those which now prevail, and of a character 
more nearly allied to those of the middle United States of today." 
.. Only one species appears' to have disappeared in Pleistocene 
time. Acer pleistocenicum, which was abundant in the region 
of the Don, bears no well defined resemblance to existing 
species." 

The plant remains consist chiefly of wood and leaves, the 
former usually much flattened from the pressure of the later ice 
sheet, but otherwise often well preserved, the red cedar, for 
instance, showing its color and being still quite tough, although 
som~ of the wood, probably decayed before being waterlogged 
and included in the clay, is in a worse condition. Parts of the 
wood are almost of the nature of brown coal breaking across 
easily and showing a coaly luster on the broken surfaces. It 
may. be worthy of mention that some large bits of porous 
charcoal, as if from the burning of a log, were found cemented 
with limonite in the sand (No.6) just under the blue clay. 
The leaves are preserved generally in the thinner beds of clay 
and are rarely obtained whole. 

The sands of the Don beds vary greatly in fineness and 
color, and are more or less cross bedded and mixed with gravel, 
as if deposited under wave action; while the coarse shingle at 
the base of the section near the bend of the Don looks like the 
work of a river. The upper part of the warm climate beds of 
the Don, consisting of stratified clay (No.7) and sand (No.8) 
appears to have been formed under distinctly lacustrine con
ditions. At the beginning of the formation there may have 
been no lake, only a great river with a tributary or tributaries 
coming in from the west; but at its close there was a great lake 
which stood at least sixty feet above Lake Ontario at present. 
Whether the change in water levels was slow or rapid there is 
no evidence to show. That the water remained for some time 
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at the higher level is testified by the thorough oxidation of the 
iron in the upper sandy beds, which are in some layers deep 
brown in color, and completely cemented with limonite. The 
blue layers (2, 4 and 7) have retained their color because of 
the large amount of deoxidizing vegetable material present in 
them. 

The change in the level of the interglacial lake effected a 
great change in another respect. Where the valley of the Lau
rentian river had existed there was now a broad and deep bay 
running to the north, and the great river began to spread out 
clay and silt derived from its upper reaches in this basin. The 
upper bed of blue clay may have been formed by a shifting of 
the current of the main river, which, however, shifted again while 
the highest layer of sand was formed, bringing to a close the 
beds belonging to the warm climate series. 

The extent of the Don beds, as indicated by the typical unio 
sands and clays, is not known very thoroughly, owing to the 
depth at which they are buried in most places. They occur a 
few feet below Lake Ontario at Scarboro', four miles southwest of 
Taylor's brickyard and at Price's brickyard about half way 
between; and unios have been found in sandy beds of intergla
cial age at Adare's sand pit on Shaw street, about three miles 
west of Taylor'S. As logs of wood have been found by well dig
gers at points between, there is a strong probability that the Don 
beds continue to that point, in which case they have a known 
extent from east to west of more than six miles, with a breadth 
from north to south of more than two miles. The real area is 
probably much greater than this. 

THE SCARBORO' OR COOL CLIMATE BEDS 

After the close of the Don period the interglacial lake deepened 
greatly, finally standing more than I SO feet above Lake Ontario, 
and a great series of clays and sands were deposited by the Lau
rentian river in the form of delta materials in the wide and deep 
bay, at this time extending still farther to the north than before. 
As seen at Taylor'S brickyard, the clay beds, gray and finely 
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laminated, with a few thin peaty layers, rest conformably on the 
brown sand at the top of t~e Don beds. The thickness, how

. ever, is not great, on account of later interglacial erosion, at the 

FIG. 2.-Pleistocene Cliffs of Scarboro' Heights. 

south end of the clay pit only 7 ~ feet, 70 yards north, 13 feet, 
and a quarter of a mile to the northeast 30 feet. These clays 
are magnificently shown at Scarboro' heights, where they were 
carefully studied by Dr. Hinde. They commence, as shown in a 
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well sunk on the shore beneath the cliff, about five feet below 
Lake Ontario and rise 85 or 90 feet above it! The upper sur
face mingles somewhat with the overlying sand and varies in 
height to some extent. The clay is gray, very firm and resistant, 
almost as much so as the Hudson River shale of the region, and 
is generally finely laminated, though there are beds from two to 
four or five feet thick, showing little or no lamination. Besides 
the fine lamination there are often thin layers of grayish silt with 
peaty material at distances of one or two inches apart, perhaps 
representing flood seasons of an annual character. These silty 
layers cannot often be traced for more than a few feet horizon
tally, and may run up or down into a bed showing no lamination 
in a way suggesting cross bedding. Another very characteristic 
feature is the presence of half inch sheets of greenish impure 
siderite every two or three feet, though these are not found 
everywhere. 

The silty layers with peaty substances when washed to 
remove clay and then dried and looked over with a lens show 
great uniformity in all parts of the region. Scales of mica are 
always numerous, as well as mosses, spruce leaves, certain round 
black seeds and chitinous portions of beetles. So constant is 
this assemblage that these clays are easily recognized by it 
when found in new localities, the clay ironstone she"ets affording 
an additional earmark" Finally these are the only clays in the 
region which burn to a dark red brick. As their materials must 
have been derived by the Laurentian river and its tributaries 
from the calcareous bowlder clay of the valley to the north," much 
of the lime must have gone into solution by superficial weather
ing before reaching the river or have been dissolved during the 
time of transport, thus allowing the red color due to iron to 
appear on burning. 

From the peaty layers of the clay the beetles were obtained 
whose names are given in the following lists: 

'B. A. A. ~c" Rept., Com" on Pleistocene of Canada, p. 3. 
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Cara/Jidae (9 gen., 34 sp.) 

Elaphru~ irregularis 
Loricera glacia\is 

lutosa 
exita 

Nebria abstracta 
Bembidium glaciatum 

Haywardi 
vestigium 
vanum 
praeteritum 
expletum 
damnosum 

Patrobus gelatus 
decessus 
frigidu5 

Pterostichus abrogatu5 
destitutus 
fractus 
destructus 
gelid us 
depletus 

Badister antecursor 
Platynus casus 

Hindei 
Halli 
dissipatus 

.. desuetus 
Harttii 
delapidatus 
exterminatus 
interglacialis 
interitu5 
longaevus 

Harpalus conditus 

Dytiscidae (3 gen., 8 sp.) 

Coelambus derelictus 
cribrarius 
infemalis 
disjectus 

Hydroporu5 inanimatus 
inundatu5 

Hydroporus sectus 
Agabus perditus 

Gyrinidae (I sp.). 

Gyrinus confinis Lee. 

Hydropltilidae(l. sp.). 

Cymbiodyta exstincta 

Slapltylinidae (II gen. 19 sp.). 

Gymnusa absens 
Quedius deperditus 
Philonthus c1audus 
Cr.Yptobium detectum 

cinctum 
Lathrobium interglaciale 

antiquatum 
debilitatum .. exesum 
inhibitum 
frustum 

Oxyporus stiriacus 
Bledius glaciatus 
Geodromicus stiricidii 
Acidota crenata, Fabr. (var. 

nigra) 
Arpedium stillicidii 
Olophrum celatum 

arcanum 
dejectum 

Cltr)somelidae (I gen. 2 sp.). 

Donacia stiria 
pompatica 

Curculionidae (4 gen. 6 sp.). 

Erycus consumptus 
Anthonomus eversus 

fossilis 
lapsus 

Orchestes avus 
Centrinus disjunctus 

Scolylidae (I sp.). 

Phloeosinus squalidens 
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Dr. S. H. Scudder, who determined the beetles, thinks that all 
but two of the 72 are extinct. Twenty-five of the number were 
named a few years ago from Scarboro' material sent by Dr. 
Hinde, the rest more recently from specimens' collected at 
various outcrops of the peaty clay by the writer. A complete 
account of the new species, with figures, will be published shortly 
by the Canadian geolegical survey. The number of species of 
beetles could no doubt be extended if the work of determining 
them were not so very laborious. In addition to the beetles 
cyprids occur and rarely also fragments of sphaeriums. 

The plants include several trees, Professor Penhallow having 
foun"d Larix americana, Picea alba and another species of Picea 
in materials from Price's and Simpson's brickyards; while Dr. 
Macoun found leaves apparently of willow and alder in peaty 
material from Scarboro', as well as two shrubs, Oxycoccus 
palustris and Vaccinium uliginosum, and some smaller plants, 
such as equisetum, Carex aquatilis and C. utriculata. Dr. 
Hinde reports five species of mosses belonging to the genera 
Bryum. Hypnum and Fontinalis; and Mrs. E. G. Britton adds 
Limnobium. Three species of diatoms, a chara and spores of 
lycopodium have been reported also. 

Dr. Scudder judges from the relationships of the beetles to 
modern forms that the climate had" a boreal aspect, though by 
no means so decidedly boreal as one would anticipate under the 
circumstances." The same conclusion is reached by Dr. Macoun 
and by Professor Penhallow from the plant remains. 

The change from the warm climate fauna and flora to the 
cool climate ones appears rather sudden, but may not be so in 
reality. The upper blue clay (No.7) at Taylor's brickyard has 
yielded a caribou horn, which suggests a cooler climate than that 
of the trees and unios a few feet below, since no caribou are 
known within ISO or 200 miles to the north of Toronto at present. 
However, the range of the caribou toward the south may have 
been greater before the white man's settlements encroached on 
the region. On the other hand the materials of the delta deposits 
must have been derived largely from the regions to the north 
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and from a higher elevation, where at present some trees found 
in the Don valley are wanting, such as Platanus occidentalis, 
which reaches its northern limit at Toronto. 

The peaty clay occupies the western part of the great bay 
into which the Laurentian river emptied when the intergla
c,ial lake was at its greatest height. It appears first at Rosebank, 
16 miles east of the Don; and is last seen with certainty 2 ~ miles 
west of the river in a sewer on Bathurst street, making a width 
of 1 8 ~ miles. Dr. Hinde reports it also from the mouth of 
the Humber, 6 or 7 miles west of the Don, but the writer has not 
been able to find it there, though somewhat loess\ike sandy silt 
containing a few plant remains, occurring near the Huniber, 
may represent the peaty clay of Scarboro'. If so, the whole 
extent of the beds will be 25 miles from east to west. The last 
exposure known towards the north is 6 ~ miles inland from Lake 
Ontario, and no doubt if the cuttings of the Don were deep 
enough it would be found considerably farther north. The 
greatest thickness of the clay at Scarboro' is about 94 feet, 5 
below the lake and 89 above; but the upper limit is rather hard 
to fix, since it becomes interbedded with sand. Toward the west 
the peaty clay rises higher,> reaching ISO feet north of Reservoir 
Park and in the Bathurst street sewer. 

INTERGLACIAL SANDS 

Above the peaty clay at Scarboro' there are stratified sands 
with a thickness of 55 or 60 feet where best developed near the 
central part of the heights, following the lower beds conformably 
and apparently laid down in shallower water but under similar 
climatic conditions. The lower 4 or 5 feet have clayey layers, 
but above this the sand is quite coarse, through free from peb
bles, and shows cross bedding in some layers. In the sand are 
found all the usual minerals of Archean rocks, and a few bands 
of garnet and magnetite occur, evidently arranged under wave 
action, as on the present beach at the foot of the cliff. Just over 
the peaty clay there is sometimes an accumulatio,n of coarse 
woody material, flattened twigs, bits of bark, etc., with quite large 
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branches of Larix americana and Abies balsamea; and similat 
layers but in less quantity occur at a few points 20 or 30 feet 
higher up in c and. Near th and numer-
ous nut-like f brown iron d and occa-
sionally also such as Sph boideum, S. 
fabale, Limn rbis sp., and arinata, but 
unios have no ned from the tified sands 
were apparently laid down like the clays, from materials brought 
from the north by the Laurentian river, but in shallower water 
where wave action was effective, forming wide sand fiats and 
largely filling the western side of the bay previously described. 
If they stretch d eastwards toward the Pickerin shore of the 
bay they mus eroded afterw hey run out 
8 or 9 miles iver Don. T tified sand 
has undergon on will be sh The sand is 
exposed for a along the Sca nd is found 
overlying the peaty clay 6 miles west near Mt. Pleasant ceme
tery, so that it extends at least I I miles. 

A series of interglacial sands and gravels occurs in western 
Toronto and is well exposed in large pits near Christie and Shaw 
streets; but its exact relationship to the Scarboro' deposits is 
not certain. two series n corner of 
Dupont an,d B ts there are t eds of clay 
with peaty 1a tified with sa g that the 
sand and gra e same age boro' clay. 
In the sewer s point the on nd, beyond 
the remains of beetles, mosses, seeds, etc., from the peaty layers, 
are a few small bits of wood, which have not been determined, 
and the ulna of a mammoth or mas~odon. The latter, however, 
may not belong to these beds, since it has been smoothed and 
scratched by I . I , and may ha 1· he surface at 
he time of t ice advance. 

In the sa I pits half a 
s to be seen certain wheth 
o the warm c of the Don, 

period of Scarboro', or include the equivalents of 

est no clay 
correspond 

001 climate 
both periods. 

yGoogle 



GLACIAL AND INTERGLACIAL BEDS 301 

At Mr. Adare's sand pit a considerable number of fossils have 
been obtained, including numerous campelomas, two or three 
spe.cies of pleurocera, Valvata sincera, two or more species of 
sphaerium, and fragments of unios, all shells which occur in 
the. Don beds. Beside these fossils bits of elephant tusks 
and a large atlas vertebra, probably of Bison americanus 
occur, but none of the species is decisive as to climate, though 
the mammoth or mastodon suggests a cool climate. 

The sand and gravel beds have a thickness of at least 78 
feet and rise 130 or 140 feet above Lake Qntario, but their 
extent is unknown, as they are in general buried under bowlder 
clay. It is certain that these beds were formed under different 
conditions from those either of the Don or Scarboro'. They 
are of coarser and more variable materials, often showing very 
marked cross bedding, probably produced by currents rather 
than waves, and sometimes apparent unconformities such as are 
made by a stream changing its bed. We may suppose that an 
interglacial Humber river coming in from the west or north
west brought down sand and gravel at the edge of the great bay, 
mingling them at some points with the clayey delta materials of 
the Laurentian river. 

This brings to a close the series of deposits composing the 
Toronto Formation. In all there are four varieties, the sands 
and clays of the Don with their warm climate trees and Missis
sippi unios; the peaty clays of Scarboro' with their seventy 
extinct beetles and their small flora, suggesting a cool, but 
not arctic climate; the stratified sands overlying them, prob
ably forming a continuation of the cool climate period; and 
the western sands a.nd gravels with elephants, bisons and some 
shellfish affording little evidence as to climate. The maximum 
thickness observed in each set of deposits is as follows: 

3· Scarboro' sands - - 60 feet. i 
2. Scarboro' peaty clays 94 " 4. Western sands and gravels. 78 ft. 
I. Don beds - 4 I ~ " 

195~ 

The greatest thickness measured at one place is at Scarboro" 
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Heights where 150 feet of cool climate beds overlie 36 feet of 
warm climate beds, making 186 feet in all. However as the 36 
eet of unio s ys commence w the level 

of Ontario an lIed the wel before the 
bowlder clay it is certain t oro' section 
contains mor et of intergla how much 
more cannot s probable al upper sands 
once reached higher than at present, since their surface evi
dently underwent great erosion before the overlying bowlder 
clay covered them. 

At its hig 
tood more th 
he cold clima 

DRAINING OF THE SCARBORO' LAKE 

he great inte 
bove Ontario 
ach 152 feet. 

ml,lst have 
per beds of 

a fall in the 
evel, whether ow is uncerta slow drain-

age seems more probable. The cause of the ongtnal rise of the 
water was probably the elevation of the lower part of the Lau
rentian river valley, near the Thousand Islands. If so we may 
suppose that the rise of the northeastern portion of the conti
nent was slow, as it is at present; and it may not have gone on 
at a uniform r seems to ha t at 60 feet 
above the pre f the rise wa king of the 
barrier at th Islands at t interglacial 
imes was pr ly deliberate. the water 
ell below the 1 of Ontario, the erosion 

of interglacial valleys in the strata of the Toronto Formation; 
but whether the lake was completely drained so as to restore 
the open valley with its great river or was OI~ly partially drained 
is uncertain. 

With the 1 the lake the hi' f the rivers 
must have be d, for the 0 now largely 
filled with cla and in the S ion there is 
vidence of t three valley e stratified 
and and pea e one to th the River 

Rouge and Highland Creek now flow, was cut down below the 
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present level of lake Ontario for about five miles, probably by 
the Laurentian river, which seems to have shifted its bed 
towards the east as the lake level sank, to avoid the thickest 
part of the previously formed delta. As no peaty clay has been 
found in the cuttings made by the Rouge and Highland Creek, 
but only bowlder clay and later stratified clay and sand, this 
interglacial valley seems to have been extensive. 

Walking westward from Highland Creek the slope of the old 
valley is seen to rise gently, first the peaty clay showing above 
the water and becoming thicker and thicker, and then the 
overlying sand showing itself, finally reaching its maximum 
thickness about four miles from the first appearance of the peaty 
clay on the lake shore. How much of the valley already existed 
before the river began its work is unknown, but at least a 
considerable thickness of the tough peaty clay must have been 
cut through, for at Rosebank to the east of the old valley it 
rises 20 or 30 feet above the lake. ' 

Continuing westward along the shore a second much nar
rower valley still buried under till and unfossiliferous stratified 
clay is seen at the "Dutch church," as a vertical promontory 
three miles from the western end of the Scarboro' section has been 
called. This" fossil" valley was cut through the full thickness 
of interglacial sand and clay to a level below the present lake, 
on the shore of which it shows a width of about I 200 feet. At 
the top of the peaty clay, 90 feet above the lake, its width 
is' about double this; and its sides then slope gently up to the 
top of the stratified sand with a total width not much short of 
a mile. The Dutch church valley was apparently made by a 
comparatively small stream. 

It should be mentioned, however, that Professor Albrecht 
Penck gives another explanation of the downward dip of the 
bowlder clay at this point, supposing that the promontory is 
really a mass of till lodged to the south of an old lake cliff of 
interglacial times. The old cliff has been exposed again on each 
side of the Dutch church by the action of the present lake, but 
the tough clay at that point has resisted better and still remains. 
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According to this view, after the Scarboro' beds were deposited 
the water sank to a level below that of the present lake and 
remained there long enough to cut back the mass of delta 
deposits to about the position of the present cliff. Although the 
first explanation seems the more simple, the one given by Pro
fessor Penck deserves careful consideration. At present there 
is not evidence enough to settle positively which is correct. 

Toward the west of the Scarboro' exposure the stratified sand 
gradually thins and disappears beneath the bowlder clay and the 
same is afterwards true of the peaty clay, which sinks below the 
lake at Victoria park at the east end of Toronto. Here probably 
another wide valley was cut, though its western shore is not 
seen distinctly. The upper stretch of the Don Valley, which 
turns to the east after emptying into Toronto Bay, discloses only 
till and the overlying unfossiliferous beds in its ravines, though 
peaty clay rises to 152 feet near Mount Pleasant cemetery toward 
the west, and to nearly 100 feet at Price's brickyard to the south
east, suggesting an old river valley between, perhaps of an inter
glacial Don. The form of this valley is not so well worked out, 
however, as; in the case of the other two. 

As no interglacial deposits have been found clearly belong
ing to this later low water stage, there is no evidence as to the 
climate during the -latter part of the interglacial time; but we 
may suppose that it grew colder until the region was once more 
covered with an ice sheet, probably corresponding to the Wis
consin till of the states to the southwest. 

LATER GLACIAL DEPOSITS 

The earlier (Iowan) ice advance found little obstruction in 
the region of Toronto and passed over leaving only a compara
tively thin sheet of bowlder clay, not greatly modifying the gen
eral-form of the surface; but the later glacial invasion took place 
under changed conditions. The broad Georgian Bay - Scar
boro' Valley through which the Laurentian river had flowed, 
was now largely blocked with the great interglacial delta depos
its, which no doubt stretched as a tongue some miles in length 
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out into the valley of the present Lake Ontario. The lower 
part of these deposits consists of very firm stratified clay 
strengthened by sheets of clay ironstone; but at the east
ern end of Scarboro' Heights the clays have been greatly 
crumpled and contorted, and even large blocks shifted and tilted, 
by the pressure Of the on-coming Wisconsin ice. As the delta 
seems to have run about southeasterly it lay' almost directly 
athwart the course of the advancing ice, which, after crossing 
the later valley of the Laurentian river, had to climb over a 
ridge at least 150 feet in height, and probably considerably 
higher, before proceeding on its way diagonally across the 
Ontario Valley. This obstruction, perhaps aided by climatic 
variations, seems to have kept the ice more or less in check. 
Meantime the lower end of the Ontario Valley must have been 
blocked with ice so that the water once more rose assorting the 
"rock flour" furnished by subglacial streams as gray stratified 
clays without fossils overlying the uneven surface of bowlder 
clay covering the series of ridges and valleys left by the inter
glacial rivers. 

The halt at the Scarboro' delta was long and must have 
included at least three great oscillations of retreat and advance 
to account for the complex of tills separated by stratified mate
rials now crowning the heights. The first sheet of till is show'n 
for about nine miles continuously at Scarboro' with the shape of 
a slightly bent bow, touching the lake at each end and with a 
sharp downward dip at the Dutch church. The latter is, how
ever, less symmetrically placed than in a bow, being only three 
miles from the west end and six from the east.· The hollow of 
the. Dutch church valley was filled with till containing compar
tively few stones to a level 50 or 60 feet above the present 
lake, then merging into gray stratified clay which rises to a 
height of 165 feet, where it is covered with a few feet of much 
later Iroquois beach gravel. Very similar clays rising to the 
same height or a little higher are found at brickyards to 
the north of Toronto. They burn to a gray brick and so are 

• See diagram, JOUR. G':OL., Vol. III, No.6, 1895, p. 624. 
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easily distinguished from the peaty clay which makes red 
brick. 

The highest part of the Scarboro' escarpment, about a mile 
east of the Dutch church, gives the best section of these com
plex glacial deposits. At the point where the old Iroquois 
beach is cut off for a distance by the present lake cliff, there is a 
face of 270 feet displaying three layers of bowlder clay separated 
by stratified sand, the whole overlying the stratified fossiliferous 
sands of the Toronto Formation. A few hundred yards to the 
east of this the escarpment reaches its highest level, 354 feet 
above the lake, but the lower part is not so well shown. The 
upper portion is, however, more complete, since overlying the 
third till sheet one finds laminated grayish blue or purplish clay 
followed by evenly bedded fine sand, on which rests a fourth 
bowlder clay. Putting the two sections together we have the 
following complete section: 

Feel 

Bowlder clay No. 4 - - - - - 48-354 ') 
Stratified sand overlying strati lied clay 36-3061 
Bowlder clay No.2 - • . . • • 32-270 
Silty sand, the upper layers crumpled 25-238 r 203 feet Glacial Complex 
Bowlder Clay NO.3· . - 9-213 I 
Cross bedded sand • - - - • . 29-204 I 

Bowlder clay No, I . - . . . - 24-175 j 
Fossiliferous sand . . . - - • 59-1 51 ~ 
Peaty clay . . - - - - - . 92- 92 151 feet, Toronto Formation 
Lake Ontario • . - - • - •• 0 

The whole series of tills with the interstratified sand and clay 
at Scarboro' amounts to 203 feet in thickness and implies a gla
cially dammed lake reaching more than 300 feet above Ontario. 
The highest stratified materials in the neighborhood of Toronto 
occur, however, at the North Toronto waterworks, 360 feet above 
the lake, where a well showed several ~eds of clay alternating 
with sand and gravel, probably equivalent to some of the beds 
at Scarboro'. 

No fossils have been found in the sands or clays of the gla
cial complex at Scarboro', but a few have been picked up in strat
ified sand lying between two beds of bowlder clay at the 
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Metropolitan power house, a mile or two north of Toronto, 
Amnicola limosa, a Succinea and fragments of another species. 
These occur at 220 feet above the lake, but the sand containing 
them runs up to 247 feet and may correspond to the silty sand 
between till NO.2 and till NO.3 at Scarboro'. 

One of the recessions of the ice, perhaps the one just men
ti"oned, appears to have been very extensive, for two thick beds 
of bowlder clay are found to be separated by stratified materials 
at numerous points on the lake shore as far east as Newtonville, 
fifty miles from Toronto. The same relationship is found near 
the headwaters of the Don, about eight miles north of the city, 
and also in ravine~ to the east, but has not been observed to the 
immediate west; though the stratified clays lying between two 
layers of till at Dundas and at several points near Niagara Falls 
may correspond to the same interglacial stage. In that case the 
ice must have withdrawn eighty miles in a northeasterly direc
tion before advancing again. 

During the first recession of the ice the lake was dammed to 
a level at least 160 feet above the present, for roughly stratified 
grayish clay with a few small polished and striated stones is 
found at many points at about this level, filling in hollows of the 
bowlder clay, as at the Dutch church and Taylor'S brickyard. 
Afterwards, as shown above, the water stood much higher, since 
stratified materials are found 360 feet above Ontario or 606 feet 
above the sea, and may have formed part of a large body of 
water, covering Lake Erie as well as the western end of Ontario. 
As the whole of these stratified clays and sands were afterwards 
overridden by the ice and covered with the latest sheet of till 
they must be looked on as interglacial. The highest bowlder 
clay has not yet been traced with certainty west or south of the 
Toronto region, however, since the four sheets. of bowlder clay 
are very much alike and cannot be discriminated when found 
alone; and there is a possibility that it ends here, and that the 
wate"r then filling the Ontario basin was continuous with that of 
some of the successors of Lake Warren. If so, beach lines may 
have been formed to the west or south of Lake Ontario while 
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the last till was being spread over the upper interglacial beds 
here described. Professor Fairchild places the· Warren beach 
south of Lake Ontario at 880 feet, and his next important water 
level, Lake Dana, at about 700 feet, both far above the highest 
interglacial stratified sand or clay at Toronto.' 

CONCLUSIONS 

One who studies the complex set of glacial and interglacial 
beds of the Toronto region is strongly impressed with the length 
of time demanded for their production. There is no reason to 
suppose that the withdrawal of the Iowan ice and the drainage 
of the waters which it dammed were more rapid than the similar 
series of events following the latest ice sheet. When the 
Toronto beds began to be formed the water level in ·the Ontario 
valley was probably lower than now in Lake Ontario, and some 
erosion had already taken place in the Don valley and at other 
points. There had been time for the warm climate plants to 
return from exile in full force and for forest trees of a most 
varied kind, though mainly deciduous, to grow and fall on the 
banks of the rivers. The unios, too, had already migrated north 
from the Mississippi stronger in species than they are now. All 
this may imply as long a time after the Iowan ice sheet with
drew as has elapsed since the last ice sheet departed, before the 
lowest beds of the Toronto Formation were even begun. 

Then came the raising of the rocky barrier at the eastern end 
of the Olltario basin to sixty fe~t above the present level, and a 
halt at that level while the upper sands became browned and 
cemented with limonite. The climate grew cooler ..... and then 
ninety-four feet of clay and fifty-five feet of stratified sand were 
laid down at Scarboro', the eastern barrier rising mean,time to 
152 feet above the present level. , ;. 

Then there was a halt in the elevation toward the northeast 
and at length a reversal of the motion, the northeastern end of 
the basin being depressed until the great Scarboro' lake was 
drained to a level probably much lower than that of Ontario at 

I Bull. Geol. Soc. Am., 1899, p. 31 and p. 56. 
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present, and river valleys were eroded through 150 or 250 feet 
of sand and clay and widened so as to have gentl~ slopes. 

It will De observed that the damming of the interglacial , 
waters is held to be due to epeirogenic changes and not to the 
presence of ice, since it is inconceivable that an ice dam should 
hold its place at the Thousand Islands during the ages of mild 
climate required for the growth of the luxuriant Don forests, 
largely composed of trees that now:barely reach the southern 
edge of Canada. 

It is not unfair to assume that the time after the Iowan ice 
retreated until the commencement of the Toronto Formation was 
as long as from the retreat of the Wisconsin ice to the present, 
a time variously estimated at from 7000 to 30,000 years. The 
raising of the northeastern barrier of the Scarboro' lake to a 
height at least 150 feet above that of Lake Ontario may also 
have required thousands of years, if the results of Dr. Gilbert's 
investigations as to the rate of tilting of the present lake basins 
furnish the standard. These two stages cover only the first half 
of the interglacial time, and probably an equal number of thou
sands of years were required for the depression of the outlet 
below that of Lake Ontario and the cutting of wide and deep 
valleys through the Toronto Formation. 

To arrive at the total length of the interglacial period it is 
not extravagant to double or even triple the number of years 
since the last Ice age, giving estimates of from 14,000 to 60,000 

years or more. It will ofco'urse be understood that the length of 
time since Niag~r~ began to cut its gprge can be estimated only 
vaguely and that the guess at the length of the interglacial period 
given here is still less certain. 

How long a time the later series of bowlder clays and inter
stratified materials, more than 200 feet thick at Scarboro', 
required in their formation one can hardly even guess; but one 
of the glacial retreats amounted probably to more than 50 miles 
and may alone have demanded centuries of recession and ad
vance. 

The time element in the series of events 'described has been 
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somewhat strongly insisted on in this paper, since many geolo
gists who have worked only in regions where the Pleistocene 
deposits are relatively simple in structure and not of great thick
ness are apt to underrate the importance of interglacial periods, 
looking on them as short episodes of retreat and advance in the 
history of a single Ice age. The evidence adduced here points 
to completely distinct Ice ages, separated by thousands of years 
of mild climate. It is not improbable that the present time is 
merely another interglacial period. 

An interesting result of the action of rivers and ice is found 
in the change of relief in the region since the Iowan ice departed. 
The valley of the La:urentian river, then probably a hundred feet 
or more below the present level of Lake Ontario, is now replaced 
by Scarboro' Heights rising 350 feet above the lake and pre
senting the highest cliffs on its whole shore. 

A summary of the best marked stages in the Pleistocene his
tory of the region is given below, special reference being made 
to climates and water levels. The latter are of course not abso
lute levels but only relative, since the region as a whole prob
ably underwent important elevations and depressions during 
Pleistocene times. 

STAGES OF TORONTO PLEISTOCE!fE 

I. Retreat of the Iowan ice sheet. 
2. Interval of erosion with water probably lower than at present. 
3. Don stage, warm climate trees and Mississippi unios. water dammed by dif

ferential elevation toward the northeast to 60 feet above the present lake. 
4. Scarboro' peaty clays. cold temperate climate. with trees and mosses 

and 70 species of extinct beetles. formed as delta by Laurentian river in 
interglacial Sl:arboro' bay. 

5. Scarboro' stratified sand with some trees and freshwater shells of cold 
temperate climate. delta completed. lake stands 152 feet above the present. 

6. Water drawn off by lowering of outlet. subaerial erosion of previous beds. 
and cutting of river valleys more than 150 feet deep. 

7. Advance of Wisconsin ice front raising the water to about 160 feet as 
shown by stratified interglacial clay. retreat for 50 miles and re-advance. 
followed by two later retreats and advances. the water finally rising 360 
feet above the present lake. 

S. Final retreat of ice sheet. followed by water levels of lakes Warren and 
Iroquois and a brief entry of the Gulf of St. Lawrence into the Ontario 
basin. which. however remained fresh. A. P. COLEMAN. 
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PROBABLE REPRESENTATIVES OF PRE-WISCONSIN 
TILL IN SOUTHEASTERN MASSACHUSETTS 

INTRODUCTION 

IN the central portion of the country, where the glacial deposits 
are spread out in a general northward retreating series of sheets, 
the tills of the various ice invasions have long been differentiated 
and classified chronologically with a considerable degree of cer
tainty. In New England, however, each of the prominent 
advances reached nearly or quite to the southern limit of the 
area. The repeated passage of the ice over the region, and the 
consequent severe glaciation to which it has been subjected, has 
served to remove far more thoroughly than in the region further 
west the evidences of pre-Pleistocene conditions and of early 
Pleistocene tills. Under such conditions of glaciation, the pres
ervation of remnants of the early tills would be very excep
ional, and it is not strange, therefore, that deposits of these early 

. tills have not previously been found. 
While severe glaciation is the rule in New England, the action 

has by no means been of the same severity throughout the area. 
The area may be divided into three parts: (I) a northern belt 
characterized by severe and almost universal erosion with cor
respondingly little deposition; (2) a middle belt with generally 
moderate, though sometimes locally severe glaciation, but char
acterized as a whole by a marked deposition of subglacial till as 
attested by its drumlins; and (3) a southern belt of generally 
weak erosion, except in the more exposed localities, accompa
nied by a comparatively slight deposition of till. This southern 
belt, the northern limit of which in eastern Massachusetts is a few 
miles south of Boston, is nearly or quite destitute of drumlins, 
rarely shows any evidences of severe glaciation such as charac
terizes the northern belt, and is marked by the occurrence of 
numerous instances of pre-glacially decayed rock surfaces. 

It was while engaged in field work on the surface geology of 
311 
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this southern belt that the writer first encountered exposures of 
till of a type entirely unlike that ordinarily prevailing over this 
part of New England. In composition, in color, and in weathering, 
the till in question was strikingly different from the .ordinary buff 
till of the region, and had the aspect of being much older than 
the latter. A further study of its character and associations was 
found to corroborate the differences first noted, and apparently 
warranted the conclusion that it should be considered as repre
senting the deposits of an ~ce sheet which certainly antedated 
the last invasion, and proballly marked the earliest of the Pleis-
tocene advances. . 

The area embracing these tills is located in the eastern and 
central portions of the Dedham quadrangle of the United States 
geological survey at a distance of some twenty miles south of 
the city of Boston. The position of the quadrangle and of the 
area of the till localities is shown in Fig. I. 

It will be seen from this map that the tills are situated some 
fifteen to twenty miles inside of the interlobate moraine near 
Plymouth, and at a distance of some fifty miles north of the line 
of the corresponding terminal moraine. This moraine, for in 
origin it is a unit, is usually correlated chronologically with the 
Wisconsin. If this is so, and there are apparently no grounds 
for doubting the conclusion, it is evident that the till sheet 
which covers the surface of this portion of Massachusetts to an 
average depth of perhaps five to fifteen feet, and which is clearly 
contemporaneous with the moraine, is likewise of Wisconsin age. 

Observations on Massachusetts glacial· deposits of an age 
eilrlier than those of the last ice advance have been few in num
ber and, with the exception of occasional instances of the burial 
of stratified drift deposits beneath later tills, have been confined 
to the vicinity of the moraines along the south coast where the 
conditions for differentiating the glacial deposits are more favor
able than in the inland area to the north. 

Before considering the evidences of older tills which the 
writer believes he has discovered beneath the Wisconsin till 
sheet, mention will be made of a number of papers presenting 
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evidences of possible interglacial phenomena or of plural tills in 
this part of New England. 

r'lG, I,-Sketch map of southeastern MassachuEetts, showing the location of the 
Dedham quadrangle and of the special map of till localities (Fig. 2). 

One of the first papers describing occurrences suggestive of 
interglacial deposits was that published by W. W. Dodge" in 

I Some Localities of Post· Tertiary and Tertiary Fossils in Massachusetts. Am. 
Jour. Sci., Series III, Vol. 36, pp. 56, 57. 
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1888. Though not recognizing the true nature of the material, 
he described a section of the Great Head Drumlin of Winthrop, 
a few miles northeast of Boston, and showed that beneath the 
great mass of clayey material, now known to be till, it possessed 
a core of fine loose gravel rising several feet above the base of 
the section (sea level), and containing fossil fragments of Venus 
mercenaria and other species identical with those existing in the 
waters of the harbor at the present time. 

In 188~, Upham r also referred to the presence of the core 
of modified drift in the drumlin at Great Head, Winthrop, and 
announced the presence of similar cores in drumlins at Third and 
Fourth Cliffs at Scituate, some twenty-five miles southeast of 
Boston. No evidence as to age was brought forth beyond the 
fact that the stratified deposits were of glacial origin and ante
dated' the ice advance, supposedly the last by which their till 
coating was deposited. 

Shaler~ was probably the first in Massachusetts to call atten
tion prominently to the occurrence of two distinct tills separated 
by a long interglacial period. According to him the deposition 
of the oldest formation of Nantucket, which he describes as a 
blue pebbly clay till was followed by a long period of submer
gence and the deposition of fossiliferous marine beds, after which 
the ice again advanced, partly eroding the marine beds and giv
ing rise to the well-known morainic deposits of the north shore 
of the island. 

In his paper on the .. Structure of Drumlins "3 Upham, in 
1899, gave a detailed description of the drumlins of Third and 
Fourth Cliffs at Scituate and illustrated the descriptions by sec
tions, one of which showed the presence of till both above and 
beneath the stratified core of the drumlins. The section appar
ently demonstrated that the stratified deposits were interglacial, 
at least in the narrow sense of the word, for they were evidently 

• Marine Shells and Fragments of Shells in the Till near Boston. Boston Soc. 
Nat. Hist. Proe., Vol. XXIV, pp. 127.132. 

"The Geology of Nantucket, U. S. Geol. Surv., Bull. 23. 

3Boston Soc. Nat. Hist., Proc., Vol. XXIV, pp. 228.242. 
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deposited bdween an earlier and a later ice advance. The two 
tills, however, were identical in character, and presented nothing 
indicative of any considerable time interval between their depo
sition. The tills and the included stratified drifts are probably 
to be regarded simply as marking local variations of the same 
general invasion. Drumlins in which layers of modified drift are 
inclosed in the till were also mentioned as occurring in other 
parts of Massachusetts and in New Hampshire and New York. 

The descriptions of the drumlins at Scituate were repeated by 
Upham in 1894 in his paper on the" Madison Type of Drumlms,"· 
but no new facts of importance bearing upon glacial conditions 
in Massachusetts were presented. 

In the table and descriptions accompanying his paper on the 
clays of ·Rhode Island and southeastern Massachusetts Wood
worth,2 in 1896, gave three glacial epochs. The first and second 
were separated by the deposition of the fossiliferous marine 
gravels, sands, and clays of the Sankaty sub-epoch, as was recog
nized by Shaler on Nantucket. The second ice invasion, which is 
apparently assumed (p. 977) as the cause of the strong folding 
of the Cretaceous, Tertiary, and early Pleistocene strata of Gay 
Head, etc., and the last invasion are separated by what is desig
nated as the Vineyard interval of extensive subarea I erosion, 
accompanied by deposition below the present sea level. 

In the chapter un the clays about Boston, Marbut and Wood
worth 3 give reason for believing that the clays were probably of 
esturine or marine origin, and were deposited in connection with 
a previous ice invasion. Several sections are described and ' 
illustrated which show that the clays are in a number of cases 
overlain by drumlins which were formed during the last ice 
advance. The clays frequently present evidences of strong ero
sion, probably due largely to the action of over-riding ice 

I Am. Geol., Vol. XIV, pp. 61)-83. 

"The Glacial Brick Clays of Rhode Island and Southeastern Massachusetts: The 
Geology and Geography of the Clays. U. S. Geol. Surv., Seventeenlh Ann. Rept., 
Pt. I, pp. 975-1}1I1I. 

3 Loc. cit., pp. 989-998. 
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(p.991). According to the evidence presented, the clays are 
contemporaneous with an earlier ice advance, and are clearly 
older than the last, but nothing definite as to the length of time 
intervening is known. 

In 1898, Shaler in his paper on "The Geology of the Cape 
Cod District,'" again recognized the existence of two tills, 
between the deposition of which a period of great length inter
vened. In this interval he recognized the deposition of three 
sedimentary formations:' the Nashaquitsa, the Barnstable, and 
the Truro, each of which was followed by prolonged periods 
of aqueous erosion. This interglacial time was regarded as 
vastly longer than that which has elapsed since the disappear
ance of the ice of the last invasion. 

DESCRIPTION OF TILL EXPOSURES 

The ordinary till exposures in southeastern Massachusetts 
present the following characteristics. At the top lies a light buff 
till consisting of the usual heterogeneous mass of clay, sand, and 
bowlders. The percentage composition of this till varies within 
wide limits, especially in regard to' the quartz-flour and clay con
stituents which range from a combined amount of perhaps 10 
per cent. or less in some of the tills in the southern portion of 
the state to an average total of some 55 per cent. in the drumlins 
about Boston.3 In most sections the till is moderately oxidized 
from top to bottom, as indicated by its buff color, but where 
natural or artificial cuts have exposed it to any considerable 
depth it is found to pass downward into an unoxidized portion 
of a gray or bluish-gray color, usually designated as blue till. 
The depth to which the oxidation extends presumably depends 
somewhat on the percentage of the clay constituent of the till. 
Though the oxidation is very much less conspicuous in tills high 
in sand, the depth to which the oxidation extends is probably 

I U. S. Geol. Surv., Eighteenth Ann. Rept., Pt. II, pp. 497-593. 

• Loc. cit., pp. 535-538. 

] W. O. CROSBY: Composition of the Till or Bowlder Clay. Boston Soc. Nat. 
Hist. Proc., Vol. XXV, p. 25. 
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greater than in the more clayey tills. In the Boston drumlins, 
which are high in clay, the oxidation has usually reached a depth 
of some twenty feet. Where the bedrock upon which the tills 
rest is exposed to view it is ordinarily found to present well gla
ciated surfaces, showing no traces of decomposition beyond a 
thin superficial zone seldom more than half an inch in thickness, 
and often represented only by a slight surface discoloration. 

CENTER STREET EXPOSURE, BROCKTON 

In marked contrast to the section just described are the sec
tions exhibited by the older tills observed by the writer. The 
first of these old tills to be observed was exposed several years 
ago during excavations for the foundations of one of the heavy 
stone arch bridges which were necessitated by the abolishment of 
the grade crossings of the New York, New Haven and Hartford 
Railroad. (Fig. 2, Exposure I.) The first six feet or so from 
the surface was of the ordinary slightly oxidized buff till of the 
last, or Wisconsin invasion, but on going deeper, instead of 
becoming lighter and gradually merging into the unoxidized blue 
till as in the ordinary typical section, the buff till gave place 
abruptly to a mass of distinctly red and yellow till. This till at 
the time it was seen by the writer was exposed to a d~pth of 
about four feet, but was later excavated to a depth of from two 
to four feet more, at which point it was found to rest on a deeply 
decomposed and highly oxidized conglomerate of Carboniferous 
age. Besides its high colors, due to the advanced state of oxi
dation, the lower till was found to differ in a marked degree in 
composition from the ordinary buff till. Clay, including quartz
flour, which in the overlying till forms less than one half of its 
bulk, constitutes nearly the whole of the lower till. The pebbles 
of the upper till comprise some 25 per cent. or more of its 
mass and are varied in type, complex in composition, fresh 
in appearance, and have often been transported considerable dis
tances. In the lower till, on the other hand, the pebble compo
nent probably never exceeds 10 per cent. of the mass, and only 
the resistant quartz and quartzite pebbles from the underlying 
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rock are usually represented. The buff till is without visible 
structure, while the lower oxidized till is characterized by a dis
tinct, but rude and highly irregular lamination. 

FIG. 2.-Map' showing location of exposures of tills of probable Pre-Wisconsin 
age. I. Center street exposure, Brockton; 2. Intervale Park exposure, Brockton; 
3. Pearl street exposure, Brockton; 4. Ames pond exposure, Stoughton; S. Pine 
street exposure, Stoughton. 

The derivation of the lower till from the underlying decom
posed conglomerate is plainly indicated by its color and compo
sition. This conglomerate is composed largely of pebbles of 
granite, black slate, quartzite, and some quartz,2 embedded in a 

'Reproduced from special edition of the Dedham quadrangle of the U. S. Geo
logical Survey. Presented through the courtesy of Professor W. O. Crosby and the 
Boston Society of Natural History. 

• Quartz also occurs in considerable amounts in the numerous small veins cutting 
the conglomerate. 
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somewhat feldspathic sandy matrix. It exhibits a rather perfect 
cleavage at right angles to its stratification. Where so situated 
as to be exposed to the full action of the ice at the time of the 
last invasion, it exhibits smooth, hard, and well glaciated sur
faces of a dark gray color with almost no evidences even of 
superfi"cial oxidation. In less exposed positions, such as exist 
along the well defined valley running southward through the city 
of Brockton just east of the center, the glaciation was apparently 
exceedingly slight. It is in such positions that the decayed 
conglomerate from which the lower till was derived is found. 
At the surface the conglomerate presents the high colors of 
advanced oxidation, but somewhat irregularly arranged owing to 
variations of the original composition of the rock. Some of the 
portions free from iron give on decay spots or streaks of an 
almost white sandy clay. The predominating color is a distinct 
yellow, interspersed with red in many places. The rock is so 
soft at the surface that it can sometimes be removed by pick and 
shovel. The depth of the extreme decay is somewhat variable, 
possibly averaging from two to three feet, though it is probably 
considerably greater in places. From the highly decayed por
tions, the rock passes downward by insensible gradations into less 
altered portions, but in none of the shallow excavations which 
the writer has seen has fresh rock, such as is exposed where the 
glaciation has been severe, been reached. The decomposed con
glomerate probably underlies most of the low region near the 
center of the city and has been exposed in the laying of water 
pipes, drains, sewers, etc., along Center and Crescent streets and 
near the high-school building on Main street. Many of the exca
vations in which decomposed conglomerate was exposed were 
made ten or more years ago, and though the presence of the 
decayed rock can be vouched for, the writer cannot say with cer
tainty that it was everywhere overlaid by the oxidized till, 
though later observations suggest that such was probably the 
case. 

It is certain that the deep rock decay antedates the last ice 
invasion. If this decay is the result of pre-Pleistocene weathering, 
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the evidence naturally leads to the conclusion that the over
lying oxidized till evidently derived from it was the result of the 
re-working of the soft decomposed material by the first ice 
advance, in which case it is probable that it should be correlated 
with the Kansan or pre-Kansan glacial deposits of the central 
portion of the country. If, on the other hand. the rock decay is 
considered as of interglacial origin it constitutes of itself an evi
dence of a long mterglacial period. This last supposition, how· 
ever, cannot be maintained, for the rock weathering is far too 
extensive, reaching downward as it does to a depth of some feet, 
to have been brought about in interglacial times. 

An alternative supposition which naturally suggests itself is 
that the oxidized till may after all be considered as of Wiscon
sin age, and as representing the re-working of the pre-Pleistocene 
decomposed rock material which had somehow been preserved 
from the erosive action of the earlier invasions. In answer to 
this it may be urged that, while the actual erosive power of the 
earlier advance was comparatively slight, it is almost impossible 
to conceive of an ice sheet so weak that at a point more than 
fifty miles from its margin it passed over soft decomposed rock 
material without re-working it in any degree, especially as till 
deposits of the corresponding advance occur along the outer 
margin at Nantucket sixty miles further south. A further and 
apparently fatal objection to the consideration of the oxidized 
till as of Wisconsin age lies in the fact that, in the re-working of 
the previously decayed rock and soil by a sheet known to be spec
ially characterized by numerous foreign fragments, there would 
at least be a gradual transition between the highly oxidized and 
the ordinary type of till. In reality, however, the contact is so 
sharp that the breadth of a hand will usually, and sometimes 
more than cover it. 

INTERVALE PARK EXPOSURE, BROCKTON 

At the time of the laying out and leveling of the tract of 
land known as Intervale Park, about a mile west of the Center 
street locality, a number of good sections of till were transiently 
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.exposed. One of these sections (Fig. 2, Exposure 2) showed a 
yellow and red oxidized till, almost identical in appearance with 
the one previously described and lying in a corresponding posi
tion beneath the ordinary buff till. The general character of the 
exposure is shown in Fig. 3, in which the horizontal and vertical 
scales are the same. 

In composition the lower till was similar to that of the Cen
ter street exposure, being probably as high as 70 or 80 per cent. 
in clay and quartz flour. Like the first, it was evidently derived 
from the underlying conglomerate and showed the same quartz
ite pebbles and the same yellow and red colors. The prevailing 

FIG. 3.-Section showing the relations of the older and younger tills in the 
Intervale Park exposure, Brockton. (Exposure 2 of Fig. 2.) 

color, however, was somewhat lighter, yellow and gray predom
inating. Like the Center street exposure it was irregularly lam
inated and separated from the overlying till by a sharp and dis
tinct line of demarcation. 

With a view to comparing with other tills, samples of the ox
idized till were collected and examined as to their composition. 
In the following table the results of the examination are given 
and compared with the immediately overlying till, and with the 
till of drumlins in the vicinity of Boston: 

Bowlden Sand and 
and gravel quartz tIour Clay 

I. Highly oxidized clay. till , - 10 68 21-23 

2. Ordinary till overlying the above· 50 45 5 
3. Clay-till of Boston drumlins] - 25 63 12 

Attention is especially called to the clay constituent which in 
the lower till is about four and a half times as great as in the 

'Clay determined chemically, others estimated from physical examination. 
2 Estimated from physical examination. 
] Average of sixteen careful physical analyses by W. O. CROSBY, Boston Soc. Nat. 

HisL, Proc., Vol. XXV .• p. 124. 
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overlying till and nearly twice that of the tills of the drumlins, 
which represent the most clayey tills previously known. The 
difference in the amount and character of the included rock 
material is also very marked. The lower till was found to con
tain only about 10 per cent. of pebbles, mainly under an inch in 
diameter and consisting principally of quartzite. The upper till 
contained some 50 per cent. of pebbles and cobbles, besides a 
large number of massive bowlders of granite and diorite varying 
from five to ten or even twenty feet in diameter. 

The underlying rock was not exposed in the immediate vicin
ity of the till here described, but it is known to be a cong-Iomer
ate similar in character to that of the Center street locality, and 
to be likewise considerably decomposed. 

The great dissimilarity of the lower till from the overlying 
till, the sharp line of demarcation between the two, the evident 
derivation of the former from deeply decomposed conglomerate, 
and the exceptionally close resemblance of the lower till to that 
of the Center street exposure, have led the writer to correlate it 
with the latter and to refer it to the same early Pleistocene 
invasion. 

PEARL STREET EXPOSURE, BROCKTON HEIGHTS 

The writer's attention was called to this exposure of what 
may probably be considered as a representative of pre-Wisconsin 
till by Mr. M. S. W. Jefferson, of Brockton, to whom the credit 
of the discovery of the locality is due. The exposure was within 
a gravel pit of some size on the south side of Pearl street, a 
short distance north of its junction with Rockland street (Fig. 2, 

Exposure 3). 
The height of the section was about five feet, of which the 

upper two feet was of the ordinary type of buff till containing 
numerous bowlders. The lower three feet was of an entirely 
different and somewhat remarkable character, being composed 
of an arkose-like mass of disintegrated material evidently derived 
from the coarse porphyritic granite which is known to underlie 
i·t. At first sight it bears a slight resemblance to a granite dis
integrated in situ, but a closer examination reveals the presence 

Digitized by Google 



REPRESENTATIVES OF PRE-WISCONSIN TILL 323 

of sand and pebbles of foreign material, showing that it is to be 
regarded as a true till in which, as in the two tills already 
described, the material is almost entirely derived from the under
lying rock. The color of the mass is a dirty, somewhat rusty 
brown, there being no trace of the higher colors exhibited by 
the tills previously cortsidered. The line of demarcation between 
the two tills is much less sharp than in the preceding instances 
and is due to the predominance of the same granitic material in 
both tills. The chief difference is that in the lower till the gran
ite is present as a disintegrated arkose-like mass, while in the 

FIG. 4.- Section showing general relations of granite, till, and drift terrace at 
the Ames Pond exposure, Stoughton. Vertical scale, about 200 feet to an inch; 
horizontal scale, about So feet to an inch. 

upper till it occurs in a fresh condition and largely as glaciated 
pebbles or bowlders. 

AMES POND EXPOSURE, STOUGHTON 

This exposure is in a gravel pit on the east side of the pond 
north of the small bay which comes up to the highway (Fig. 2, 

Exposure 4). The general section of the locality is shown in 
Fig. 4. The till to be described is exposed on the east slope of 
the rock and till ridge at d. 

The lower till is somewhat similar to that in the Pearl street 
exposure at Brockton Heights, the material being a pink 
granite. The chief point of difference, perhaps, lies in the fact 
that the till of the Ames Pond exposure appears to have been 
originally a bowldery till, the fragments of which in most cases 
have subsequently completely disintegrated. The disintegrated 
granitic material probably constitutes ninety or ninety-five per 
cent. of the mass, and is apparently of local origin since a knob 
of similar granite projects through the till a short distance to 
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the north. There are a few pebbles of a fresher, though still 
distinctly weathered granite dispersed sparingly in the till. The 
difference in the extent of the decay is probably to be explain
ed by the fact that the process which subsequently brought 
about disintegration were, in the larger portion of the material, 
well under way at the time of the ice advance, though actual 
disintegration may not have taken place until long afterwards. 
The fresher fragments were probably derived from portions of 
the ledges from which the more highly decomposed material 
had previously been removed. The thickness of the lower till 
as exposed in the gravel pit is about four or five feet. The 
color of the till is slightly darker than the overlying buff till, 
but the distinction is not marked. 

The upper till is composed of a heterogenous mass of mate
rial in which the same pink granite predominates, but with a con
siderable intermixture of foreign material. Its line of demar
cation from the lower till is well defined, but, as would be 
expected from the fact that granite is the predominating material 
in both cases, is not so sharp as in the first two of the Brockton 
tills. All fragments of the upper till are fresh and usually present 
well glaciated surfaces. 

PINE STREET EXPOSURE, STOUGHTON. 

The gravel pit in which was found the last of the tills to be 
described is located on the south side of Pine street at its 
junction with Pleasant street near the northern boundary of the 
town (Fig. 2, Exposure 5). The cut was about fifteen feet 
deep at the time it was seen by the writer. Two tills were dis
tinctly exposed in the section, the relations of which are shown 
in Fig. 5. 

The lower till, as in every case which has been described, is 
very homogeneous in composition. In this instance it is com
posed largely of the disintegrated material of a biotitic and 
hornblendic syenite, the source of which is probably close at 
hand. There is a slight admixture of foreign material but 
probably not more than 5 per cent. As in the case of the Ames 
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Pond exposure the till appears to have been originally com
posed largely of bowlders, the decay of which was well under 
way at the time of the laying down of the till, but which did 
not completely disintegrate until some time afterwards. Some 
of the larger bowlders still show undecomposed cores, but as a 
rule the disintegration is 
complete. The color is 
rather a dark brown, some
what similar to the reddish
brown color of decomposed 
diabase, and serves to 
sharply separate the lower 
from the upper till. 

The upper till is of the 

Vertical and horizontal scale: I in. = 30 ft. 

FIG. 5.- Section showing the relations of 
the older and younger tills in the Pine street 
exposure, Stoughton. (Exposure 5 of Fig. 2.) 

ordinary heterogeneous type abounding in foreign fragments. 
many of them rather far·traveled. There is proportionally 
little of the dark syenite in the upper till, differing in this 
respect from the Pearl street and Ames Pond exposures in which 
the predominating material of both tills is the same. When 
present in the upper till the syenite is fresh. 

In the c~se of the Center street and Intervale Park expo
sures of Brockton the reasons have been given for regarding the 
tills as probably representing the earliest of the Pleistocene 
advances. One of the most prominent of these reasons, namely. 
the position of the till upon deeply decayed and un glaciated 
rock surfaces, cannot be applied with certainty to the last three 
tills described, since the immediately underlying rock is not 
exposed and its condition is not known. The difference in the 
colors is also a noticeable feature, the granite and syenite tills 
showing nothing of the high colors which characterize the tills 
derived from the conglomerate. A study of granites decayed 
in situ, however, shows that high colors are not the necessary 
accompaniment of disintegration such as the granite of the tills 
has undergone. The same close dependence of composition 
upon the underlying or immediately adjacent rock, the same 
small percentage of foreign material, the same highly weathered 
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character, and the same distinct or even sharp division from the 
overlying tills, all seem to point to an origin similar, and 
probably contemporaneous with that of the Brockton tills. 
The deposition of the tills is believed to date from the time of 
earliest Pleistocene ice advance. 

POSSIBLE INTERGLACIAL ROCK DISINTEGRATION 

A further reason for considering the tills composed of 
highly oxidized or disintegrated material as representing the first 
ice invasion lies in the fact that the weathering is distinctly 
more advanced than in the exposures of what seems likely to 
prove to be examples of interglacial weathering. It has been 
seen that at the advent of the first ice sheet the rocks of the 
region were deeply decomposed as, for example, the conglomer
ate at Brockton. It is also known that where the conglomerate 
was so situated as to receive full benefit of the erosive action of 
the ice of the last advance the ledges are perfectly fresh. 
Between these two extremes there are numerous examples of a 
partial breaking up of the ledges by atmospheric agencies, and a 
partial disintegration. Such a case is illustrated in Fig. 6. 

The moderate amount of decay exhibited by ledges of this 
class, as compared with ledges known to be pre· glacially decom
posed, or with tills formed from such decomposed material, and 
the considerable amount which they show as compared with the 
freshly glaciated ledges of the last ice advance, seem to make a 
plausible case in favor of the view of interglacial weathering. In 
this case we have a rough measure of the time from the earliest 
of the Pleistocene ice advances to the present time, for both the 
field relations and weathered character show that the conditions 
mainly antedate the last of the ice invasions. The evidence of 
this weathering, if it be accepted as interglacial, is indicative of 
the great length of such time as compared with that which 
has elapsed since the final disappearance of the ice. 

The preservation of these ledges evidently depended in many 
cases upon the character of the topography, but this is not 
always the case. The general explanation probably lies in the 

Digitized by Google 



REPRESENTATIVES OF PRE-WISCONSIN TILL 327 

fact that all of the occurrences noted lie in the southern belt, in 
which, with the exception of the hills and other prominences, 
the work of the ice of the last invasion was largely one of 
deposition. 

FIG. 6.-View of disintegrated ledge of conglomerate, Intervale Park, Brockton. 
The weathering is supposed to be interglacial in age. 

SUMMARY AND CONCLUSIONS 

1. The Pleistocene ice sheet on its first advance found a 
somewhat deeply decayed rock surface, many remnants of which 
are now to be seen. 

2. The erosive power of the first advance was not sufficient 
to entirely remove the products of decay, for tills evidently com
posed of such products have been found by the writer beneath 
the ordinary tills of the region. These have been described in 
this paper. 

3. The older tills are probably the result of the re-working of 

Digitized by Google 



MYRON L. FULLER 

. . 
pre-glacially decomposed rock and its accompanying soil, rather 
than by the process of accretion, by which many of the later 
deposits of till, such as drumlins, etc., were built up. 

4. The remnants of the early till are characterized by (0) the 
presence of 20 per cent. or more of clay. (6) the presence in 
some of the tills of 10 per cent. or less of pebbles, (c) a compo
sition which is dependent almost entirely upon the underlying 
or immediately adjacent rock, (d) the decayed or disintegrated 
character of its materials, (e) the presence of colors character
istic of high oxidation, (I) its position in certain cases upon 
deeply altered and practically unglaciated rock surfaces, and (g) 
its distinct line of demarcation, both as to color and composition, 
from the overlying till. 

5. The upper till, on the other hand, is characterized in the 
region under discussion by (0) the presence of probably less 
than 5 per cent. of clay, (6) the presence of 40 to 50 per cent. 
of rock fragments, (c) a composition often largely independent 
of the immediately underlying rock and including numerous 
far-traveling erratics, (d) slight oxidation, and (e) by its 
unweathered and distinctly glaciated fragments. 

6. No evidences of a soil zone between the two tills have so 
far been observed. 

7. It seems probable that there were comparatively few 
localities in which the highly oxidized tills remained at the 
time of the last invasion, for otherwise there should be more 
traces of oxidized material, especially the colored clays, in 
the later till. The early tills were probably largely eroded 
during the later stages of the same ice sheet by which they 
were formed. 

8. The action of the ice of the last advance in many cases was 
to cover the earlier till remnants by a new coating of till, and 
was protective rather than erosive in its nature. 

9. Nothing indicative of more than two general periods of 
glaciation has been noted by the writer. The position of strati
fied deposits between two tills identical in character, and of the 
Wisconsin type, is probably to be explained as resulting from 
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the overriding of deposits laid down during a temporary retreat 
or local recession of the ice of the same general invasion. 

10. The weathering . confined to a 
slight oxida 11, the wearin les, bowlders. 
and glaciat ng usually lim ht superficial 
decay or a ation of the s 

I I. The ous exposure ck disintegra-
tion of a type intermediate between the high decay characteristic 
of the pre· Pleistocene weathering and the slight weathering of 
post-glacial times. This disintegration is believed to have taken 
place largely in interglacial times. 

U. S. GEO 
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SKETCH OF THE GEOLOGY OF THE SALINAS VAL
LEY. CALIFORNIA I 

IN June and July 1900. under the direction of Dr. J. C. 
Branner. Mr. L. D. Mills and the writer undertook to trace out 
and map the formations in Monterey county. California. which 
appear to bear directly on the underground water supply of the 
Salinas Valley. During this and two subsequent trips to the 
same region the data were collected which form the basis of the 
present paper. 

The Salinas Valley is a long. sword-shaped depression extend
ing nearly southeast from Monterey Bay. to and across the south
ern end of Monterey county. The larger tributaries of the 
Salinas River run for a good part of their length in trpughs par
allel to the main valley, forming with it part of a remarkable 
series of valleys existing in the Coast Ranges of California. which 
for a distance of nearly five hundred miles are almost exactly 
parallel. In the Salinas Valley are evidences of a fault in the 
older rocks extending very persistently for several miles parallel 
to the main valley. 

In its northern part, if not throughout its whole length. the 
Salinas Valley is cut in granite and other crystalline rocks, prin
cipal among which are biotite schists with crystalline limestone 
lying unconformably on them. The granite is intruded into the 
schists and is apparently the agent which metamorphosed the 
limestone. The granites. gneisses. and schists cover large areas 
while the limestone occurs only in patches. Of the crystalline 
rocks other than those mentioned there is one area of an erup
tive that looks like andesite on top of the water-shed between 
Monterey and San Benito counties. northeast of the town of 
Salinas, and an area in the neighborhood of Metz containing a 
variety of intrusive and eruptive rocks in addition .to several kinds 
of metamorphics. Hand specimens of these have been collected 

I Published by permission of the director of the U. S. Geological Survey. 

330 

Digitized by Google 



GEOLOGY OF THE SALINAS VALLEY 33 1 

but have not yet been identified. There is also an extensive 
area of serpentine along the southeastern boundary of Monterey 
county. 

Since it was cut out the Salinas Valley has been filled with 
sediments of Tertiary and later age. If there are sediments 
older than the Miocene and newer than the metamorphics, they 

SKETCH MAP 
SIlOWOO TOPOGRAPHIC n:A:JtJm:S 
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are not uncovered at any place visited, with the exception per
haps of a small area about the headwaters of the San Lorenzo 
River near the county line, where there are rocks resembling the 
Franciscan cherts. The Tertiary rocks are of Pliocene and Mio
cene ages, and these are separated by an unconformity. 

Southeast from the town of Salinas the valley narrows down 
from a broad rolling plain to a sloping floor about eight miles 
wide, bounded on each side by granite mountains. Southwest 
of Salinas, across the river, are highlands formed of Pliocene' 
sands and gravels. and deeply scored by ravines. 

I The age of these beds was determined by Mr. Ralph Arnold, of Stanford Uni
versity, from fossils collected by the writer fourteen miles east of Monterey, in the 
center of section 20, 16 south, 3 east. 
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From Spence's to a few miles southeast of Soledad the floor 
of the valley is covered by material washed in from the granite 
hills and mountains on either side. This alluvium or granite 
wash is very porous, and this has given rise to topographic fea
tures characteristic to this part of the valley. In the rainy season 
the water rushes out of the steep canyons bearing a heavy burden 

MAP 
S11OWJ!\G GEOlOGY 

MONTEREY COUNTY 
CALIFORNIA. .. 
Ci_. kN .. H H 

5.&-[ ,r l iLl IT:.·.~:· !LD:GJDm 
~ .t ...... _ 
~ Po."" 

-,.., .... 
o.~l., ....... _ 

L·"" ........ 

of sediments until it reaches the floor of the valley, where it 
sinks, leaving sand, gravel, mud and drift strewn around over 
the place where it disappeared. This has gone on until alluvial 
.cones have been built up several miles wide and of considerable 
thickness. These alluvial cones or fans have themselves been 
.cut by smaller gulches having steep sides and flat bottoms. A 
rudely stratified earthy conglomerate, the pebbles of which are 
angular fragments of granite, schist and gneiss, varying in size 
from sand grains to pieces the size of one's head, is usually 
found capping these fans. 

It seems probable that both Pliocene and Miocene sediments 
underlie the alluvium, for they occur at the northwestern end of 
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this area and dip under it at the southeastern end below Soledad. 
In addition to this,there is a point of granite projecting through 
one of the alluvial fans about two and one half miles east of 
Gonzales in 16 south, 3 east, section 14, southeast quarter. The 
top of this granite exposure is capped with shale that has all the 
appearance of 
the diatomace- Sw 

ous Miocene 
shale. It seems 
probable that 
the structure of 
this region is l'IG. I.-Ideal section across the Salinas Valley showing 

that shown in its probable structure at Chualar. 

the accompanying section (Fig. I). 
Beginning near Riverbank on the east, and at a point about 

six miles southwest of Soledad, on the west, water-worn gravels 
of Pliocene age begin to crop out from beneath the granitic talus, 
and gradually rise and form a terrace that extends eastward for 
about eighteen miles from Kings City to a series of anticlinal 
valleys which form the eastern boundary of the terrace or pla
teau. 

Serpentine is abundant along the eastern edge of the terrace, 
though whether or not it forms a continuous sheet as indicated 
by the accompanying sketch map is not now known, for the part-

FIG. 2.- Structure of the Salinas Valley and adjoining plateau along a northeast
southwest line through San Lucas. 

ing was not followed continuously, but was visited only at such 
places as the roads permitted. At these points serpentine was 
found underlying the Pliocene plateau. The edge of contact 
between the Pliocene beds and the underlying serpentines 
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reaches an elevation of nearly two thousand feet above Kings 
City from near Parkfield northwest to a point fifteen miles east 
of Kings City. 

The structure of the counlry between Kings City and the allu
vium covered district is shown by (Fig. 3) a section through Metz. 

FIG. 3.-Structure of the Salinas Valley along a northeast-southwest line 
through Metz. 

From Kings City to the San ~uis Obispo county line the Pli
ocene beds form the eastern escarpment of the immediate valley 
with an average height of about one hundred feet above the river. 
The lower beds extend entirely under the valley, thereby making 
the terrace area or plateau tributary to its underground water 
supply. 

For the most part the Pliocene beds overlie the Miocene. 
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but in some places 
they lie directly on the 
older rocks (Fig. 4). 

In the southern 
part of Monterey 
county there have 
been at least two ele-

FIG. 4.- Croppings ofterrace beds five miles north- vations of the land 
east of Kings City at the head of the Salinas Valley since the deposition 
Water Company's ditch, on the San Lorenzo River. of the Miocene beds, 

for the Pliocene gravels forming the large plateau are to a great 
extent composed of shale pebbles, and these same pebble 
beds have been tilted along with the underlying beds of 
shale. In places the Pliocene and Miocene may be conformable. 
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This seemed to be the case near the southernmost point 
of the Miocene area shown on the accompanying geological 
sketch map. Here the gravels and sands rest on the sandstones 
and shales and have apparently the same dip and strike. For 
the most part, however, along the parting between the Pliocene 
and the Miocene, there is such a marked difference in the dip of 
the two series on either side of the contact, as to make almost 
certain an erosion line between them. 

The Miocene shales and sandstones are much contorted, and 

F<,:;.:I s."aI, ..... 1m3 &r.v.' • C'oy 
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FIG. 5.- Terrace beds exposed in a railway cut three miles northwest of Bradley. 

are characterized by steep dips, sometimes vertical. The Plio
cene sands and gravels I have much gentler dips and are also 
persistently characterized by having a capping of soft limy sand
stone. 

The ranges of ~ills lying between the Nacimiento and San 
Antonio creeks, and the 'San Antonio Creek and the Salinas 
River are made up almost entirely of Miocene sandstones and 
shales; while the valleys of the Nacimiento and San Antonio 
are filled with the Pliocene sands and gravels. 

There is much granite and gneiss in the region drained by the 
head waters of the Arroyo Seco, the San Antonio, and the Naci
miento, as the beds of these streams are filled with pebbles and 
bowlders made up of these rocks. 

I The age of this Pliocene area was determined by fossils collected in a rail way 
cut three miles northwest of Bradley. The Miocene fossils are from shale beds out· 
croppmg on the southwest bank of the Salinas River at Wunpost. They were all iden
tified by Mr. Ralph Arnold. 
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RECAPITULATION 

The Salinas Valley in Monterey county is a trough that prob
ably holds a great deal of water. In its northern part from near 
Riverbank to some point between Chualar and Salinas it is cov
ered with talus washed in from the mountains. 

sw 
.' 

/ .. 
Pliocene and Miocene sediments 

underlie this talus though to what 
extent is uncertain. Going south-

-"'.,...~ ___ N_E ward the Pliocene beds rise from 
beneath the talus at about River
bank; and from east of Kings City, 
to the southward, they form an 

FIG. 6.-Sand and shale beds at extensive plateau which continues 
Barrett's oil well, four miles northwest into San Luis Obispo county and 
of Parkfield. Water was encountered 
at two levels in the angular granitic is probably tributary to the under-
sand. The elevation of the mouth of ground water supply of the Salinas 
the well is 1800 feet above Kings City. Valley. 

In the drainage area of the San Antonio and Nacimiento 
creeks there are also Pliocene gravels which are indirectly tribu
tary to the underground water supply of the Salinas Valley. 

It seems probable that deep wells put down near the western 
margin of the Pliocene terrace between San Lucas and the San 
Luis Obispo county line may yield considerable water, perhaps 
artesian. 

Slightly salty water has been found in wells in the terrace 
beds above the valley, though there are folds lying between 
these bore holes and the valley (Fig. 6). 

It is possible that artesian water may be found in the region 
of the San Antonio and Nacimiento creeks, but not enough 
detailed work has been done there to warrant any definite con 
elusions upon the subject at present. 

EOWARD HOlT Nt:TTER. 

STASFClRIl lJNIVf.RSITY. 
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NOTES ON THE FOSSILS FROM THE KANSAS-OKLA
HOMA RED-BEDS 

THE age of the series of rocks lying conformably on the Per
mian and unconformably below the Comanche Cretaceous in 
Kansas and Oklahoma has for a number of years been considered 
problematic. The earlier Kansas geologists classified these 
formations anywhere between the Carboniferous and the Middle 
Cretaceous. Later investigators have agreed that the series is 
not older than the Permian, nor more recent than the Jurassic. 
In Texas, rocks which appear to be of the same age are assigned 
to the Permian on the authority of such paleontologists as Cope 
and White.' 

In the absence of certain determination as to age, the general 
term Red-beds has been applied to these formations in Kansas 
and Oklahoma. The term refers to the lithological appearance 
of the rocks. Blood red sandstones, clays, and shales make 
up the greater part of the thickness of the series. The shales 
are frequently strongly impregnated with mineral salts, of which 
gypsum and common salt form the larger part, although borax. 
magnesia, and others are not infrequent. These salts impart to 
the water of a great part of the area a characteristic taste, often 
rendering it unfit for use. In the central part of the Red-beds 
areas several ledges of massive gypsum occur. These ledges out
cropping to the east form the escarpments and caps of the noted 
Gypsum hills which extend suuth from southern Kansas to the 
Wic;;hita Mountains, and thence into central Texas. Ledges of 
dolomite and highly saliferous shales are found in many horizons 
of the Red-beds. 

There is not lacking literature on the Red-beds. Some of the 
most noted geologists and paleontologists of America have writ
ten concerning these rocks. Such men as Cope, Hill, Williston. 
Haworth, Hay, Vaughan, Ward, Beede, Stevenson, and others 

I Second Annual Report Geological Survey of Texas, 1890, pp. 415-419. 
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have contributed to our knowledge of the subject. The most 
comprehens"ive articles, however, are by Prosser and Cragin. 
Professor Cragin, in addition to incidental mention of the Red
beds in numerous papers on the geology of southern Kansas, has 
written two articles dealing exclusively with these series of rocks. 
In the first paper, entitled" The Permian Series in Kansas," I the 
Red-beds are classified as Upper Permian, and are included under 
the Cimarron series, which is divided into two divisions, the Salt 
Fork and Kiger. Each of these divisions is further subdivided 
on purely lithological grounds into five formations. Professor 
Cragin's second paper, "Observations on the Cimarron Series,'" 
is little more than a revision of the former one. The grouping 
of formations and sub-formations is slightly changed, and a few 
new points added. These two papers contain the best descrip
tion of the Red-beds extant. Professor Prosser's paper on "The 
Cimarron Series, or the Red-Beds," 3 contains the best historical 
review of the literature of the subject so far published, as well 
as an excellent description of the Kansas Red-beds. 

The reasons for assigning the Kansas-Oklahoma Red-beds to 
the Permian were chiefly two, viz., first, these rocks were consid
ered to be of the same age as the Texas Red-beds, which are 
recognized as Permian; and, second, the series grades conform
ably upward from rocks of undoubted Permian age. The fact that 
so far as known not a single fossil has been found in the Kansas 
Red-beds has always been the great obstacle to the accurate 
correlation of the series. During the past two years, however, 
as the result of both private investigation and of the work of the 
Oklahoma geological survey at least four localities have been 
discovered in the Oklahoma Red-beds from which fossils have 
been identified. These localities, with the character of the fossils 
contained in them, are as follows: 

I. McCann's quarry, five miles southeast of Nardin, Kay 
county; vertebrates, invertebrates, and leaves. 

I Colorado College Studies, March 1896, Vol. VI, pp. 1-4!l. 

• American Geologist, May 1897, Vol. XIX, NO.5, pp. 351-363. 

3 University Geological Survey of Kansas, 1897, Vol. II, pp. 75-<)5. 
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2. Two miles northeast of Orlando, numerous vertebrates. 
3. Cedar Hill and Bitter Creek, northeast of Watonga; inver

tebrates. 
4. Whitehorse Spring, sixteen miles west of Alva; numerous 

invertebrates. 
Of these localities those numbered I and 2 are from the lower 

part of the Red·beds, not far from the base of the Harper sand
stone. The fossils from locality numbered 3 were taken from 
ledges of sandy dolomite immediately beneath the heavy ledges 
of gypsum found near the middle of the Red-beds. Locality 
numbered 4 is from the Red Bluff sandstone in the upper part 
of the series. 

A large vertebrate from McCann's quarry, or locality I, was 
identified by Dr. S. W. Williston as Eryops megacepkalous Cope, 
a form characteristic of the Permian of Texas. The invertebrates 
from the same locality were sent to T. Rupert Jones, who classi
fied them as Estkena minuta, a Triassic form. The plants were 
shown to Dr. Lester F. Ward, who said that the forms seemed 
to resemble Mesozoic rather than Paleozoic types. From the 
Orlando locality Dr. Williston has identified the following 
forms: Diplocaulus magnicornis Cope; Dt"adectid(1! Gen. indt.; Pari
otickus incisivorus (?) Cope; Labyn·ntkodont; and Tnmeror
kackis; all of which he recognizes as Permian forms. From the 
locality numbered 3 but one species has been found. This is an 
invertebrate which here occurs in great numbers, and has been 
referred by Dr. J. W. Beede with some doubt to the Permian 
form Sedgwt"ckia. The Whitehorse locality has yielded some 
twenty species of invertebrates, several of which are of new 
forms. 

This locality is from the upper part of the Red-beds, or to 
be more exact from Cragin's Red Bluff sandstone perhaps 150 

feet above the Medicine Lodge gypsum. The following genera 
are represented: Conocardium, Aviculopecten, Sckizodus, Pleuro
phorus, Bakevalia, Naticipsis, Pleurotomana, Orlkonema and Mur
ckisonia. One form that was at first thought to be Jagmayeria, a 
shell of Triassic age, has since been identified as Dielasma, very 
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like D. bipt~~ described by Waagen from the Permo-Carbonif
erous of India. 

Unfortunately no Cephalapods have as yet been found in the 
locality and until this is done the question of the exact age of 
the beds may scarcely be decided. The facts at command lead 
to the inference that the Whitehorse Springs locality is well up 
towud the close of the Paleozoic 

THE UNIVERSITY OF OKLAHOMA, 

Norman, Oklahoma. 

CHARLES NEWTON GOULD. 
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ILLUSTRATED NOTE ON A MINIATURE OVERTHRUST 
FAULT AND ANTICLINE 

THE figure below represents a miniature anticline passing into 
a reversed fault above. It is on the Ozark-St. Paul road, on the 
east side of the road, one mile north of the town of Ozark, Ark. 
The rocks are of 
the Coal-meas
ure series, and 
consist of shale 
interbedded 
with thin layers 
of sandstone. 
The strike of 
the fold is about 
east and west, it 
being one of the 
series of feeble 
folds on the 
northern border 
of the Ouachita 
folded area and 
near the south
ern base of the 
Boston Moun
tains. 

The length 
of that part of 
the flexure 
which is visible, 
and which at the time the photograph was taken had recently 
been freshly exposed in working the road, is ten feet, and the 
height five feet. 

Aside from the interest ~hich attaches to this as an example 
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of an overthrust fault passing into an anticline below, it bears 
strong evidence of very recent tangential pressure having been 
brought to bear upon the rocks of the region; for it is incon
ceivable that so small a flexure should break and produce a fault 
with many feet of superimposed rock to be broken through. 
The point is sufficiently elevated to suffer from slight erosion, 
and as the rock is mainly shale and easily eroded, the very few 
feet that have been removed since the faulting occurred could 
not represent much time, as the geologist reckons time. 

UNIVEIlSITY OF ARKANSAS, 

Fayetteville, Ark. 

A. H. PuRDUE. 
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THE MORRISON FORMATION OF SOUTHEASTERN 
COLORADO 

A CONSIDERABLE part of southeastern Colorado and north
eastern New Mexico is elevated to a height of about 5000 feet 
above sea level. The streams of this region have cut canyons 
to the depth of 700 feet or more. The most notable of these is 
the canyon of the Cimarron in New Mexico, and that of the Pur
gatory, or Las Animas, in Colorado. The studies of which the 
conclusions are given in this paper, were carried on mainly in 
the canyon of the Purgatory and its tributaries, although a side 
trip was made to the canyon of the Cimarron. The region 
examined is shown in the accompanying sketch map (Fig. I). 
The canyon walls are steep and bare and complete sections are 
easily obtainable. The lower half is red sandstone overlain with 
gypsum (the "Red Beds"); the surface rock is also sandstone 
(Dakota.) Between this upper sandstone and the gypsum is 
the shale formation of which I. specially write. The shales are 
found throughout the region examined wherever the streams 
have cut through the upper sandstone. 

Two detailed sections were taken at the points indicated on 
the map by a cross (x), section I, at the junction of PI urn and 
Chaquaqua canyons, and section 2, in Red Rocks Canyon. Since 
the canyons do not cut entirely lhrough the Red Beds at any 
point within the· area examined, it is impossible to accurately 
estimate their full thickness; the sections, therefore, represent 
only the upper part of these beds. 

For some distance above the bottom of Plum Canyon (sec
tion I) the rock is evenly stratified, ripple-marked and some
what shaly. A limestone layer four feet thick near the bottom 
extends uninterruptedly for many miles and forms a convenient 
line of reference. Above these evenly stratified beds occurs a 
series of massive layers of coarse red sandstone aggregating 
about 250 feet in thickness. This series forms the steepest and 
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most conspicuous part of the canyon walls. It is notably cross
bedded and the frequent changes in the direction of bedding, as 
well as the frequent truncations of the cross-bedded layers, is 
indicative of deposition by shifting currents. The upper part of 
the massive series is slightly calcareous and oolitic, the little 
spheres of which, about one millimeter in diameter, are harder 
than the matrix in which they are set, and the weathered surface 
is thus given a II bird's-eye" appearance. The oolitic beds pass 
gradually upward into gypsiferous shales and thence into solid 
gypsum without any indication of stratigraphic break or lapse of 
time. No trace of fossils of any kind was found in the Red 
Beds. 

The upper sandstone forms the: general surface of the 
country over wide areas. The Cretaceous formations from the 
Ft. Pierre to the Dakota are traversed in passing eastward from 
Trinidad across the EI Moro quadrangle which has been de
scribed by R. C. Hills,' and the Dakota, may be traced onward 
thence over the whole region studied. The Dakota is com
posed mainly of sandstones, although shales occur in it in places. 
About 150 feet from the base occurs a steel-blue shale (prob
ably fire-clay), 2 to 6 feet thick were examined. Above 'this 
day the formation is somewhat evenly bedded, ripple-marked 
and in certain places contains numerous impressions of dicoty
ledonous leaves. In a few places small pebbles were found 
near the base. The largest of these were about one fourth inch 
in diameter. The pebbles are so few in number that the strata 
containing them can scarcely be described as conglomeratic. 

Between the Dakota and the gypsum at the top of the Red 
Beds lies the shale forn{ation under consideration. It is constant 
in occurrence, although the thickness varies from place to place. 
At the mouth of Plum Canyon the thickness is 85 feet; in Red 
Rocks Canyon, it is 132 feet. In Chaquaqua Canyon, ten miles 
from the mouth of Plum Canyon, it is 175 feet (by baromett::r). 
The formation is composed mainly of variegated clay-shales of 
the variety known as "joint clay." A subordinate amount of 

I u. S. Geo!. Surv., El Mora Folio, Colo. 
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140 feet. Dakota. Two massive sandstone layers separated by a soft shal, layer 0' 
varying thickness; leaf impressions ncar the top of the upper division. 

II feet Greenwich clay shale, soft and fine grained. 

12 feet dull red clay ahale, soft and fine grained. 
10 (eet brown to yellow shale. 
6 inches ar&,iIIaceQus limestone; numerous fine dark lamlnre. 
18 inch~ "uff-colored shale. 
6 inches argillaceous Ji.mestone; numerous fine dark lamln.e. 
18 feet variegated joint clay. 

2 (eet ar&,illaceous limestone. fine grained and hard, wlthcontorted lamino:e. 

30 feet variegated shales; very soft and easily eroded. 

15 feet dark shales containing irregular ma .... of gypsum. 
18 inches ~um contalnin, streaks of clay. 

8 (~I~~:escrr:: ~~~:r~orntaj~~~t;~ula~~~~nr:~i~ ~ £PI;=5 'i":~:~.iD size from ~ns to 

25 feet gypsum in well·defined layers. Often separated by layers of clay. 

5 feet massive 2'YP5um. 

30 to 40 feet red gypsiferous shales, soft and regularly bedded. 

60 feet red calcareous sandstone, oolitic, CI'05.' bedded. Individual layers variable in 
thickness and character. Near the top It become •• halyand pas. .... Irradually into 
the Irypsiferous shales above. 

175 to 200 feet red sandstone, mauive, cross-bedded. 

6 feet red arenaceous shale. 
1 foot red sandstone. 
4 feet fine red shale. 
9 feet even· bedded red sandstone. 
2 feet red arenaceous shale. 

40 feet red sandstone, cross· bedded ; the individual layers thin out laterally. 

15 feet poorly cemented red sandstone altematlnlr with layers of shale. 

S feet massive red sandstone. 

30 feet soft red sandstone containing hard layers which are ripple· marked. 

4 feet hard, white, a'lrillaceous limestone composed of numerous thin la,ers; ~t1y 
[contorted. 

15 feet red sandstone in thin flaky layers. 

(River boltom.) 

FIG. 2.-Section I, near the mouth of Plum Canyon. 
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Dakota landstone. 

2S leet brick-red an:naceous shale. containioe bands 01 hard, fine-&,ralned sandstone_ 

3 to sleet reddilh limestone havloe a conchoidal Iractun: and very brittle. 

30 leet 80ft dark clay shale. 

II feet light brown clay Ihale. 

6 inches al'&'illaceous limestone. 
7 feel bro,,-n shale. 
I foot coDCTetlOoary limestone. 
7 feet varie&,ated clay shale; joint "mcture. 
3 feel fin~.llOW paper sbale. 
6 inches a llaceous limestone, finely lamin.ted. 
18 inches ne §hale. 
I foot white limestone. 

IS feet variqated clay shale. 

S inches al'&'illaceous limestone, finely laminaled. 
4 feet yellow shale. 
I foot sandstone containing apte either in concretionary masses half an inch or more in diameter or 

[disseminated generally throughout the mass. 
S feet land.tone, easily cmmblioe; made up of thin layers. 
2 feet massive Band.tone, poorly Indurated. 
2 feet fine paper-shale. 
7 feet massive sandstone, poorly indurated. 

12 10 00 feet !D'plum interstralified witb layers of clay. 

- reJ sandstone (Red Beds). 

FIG. 3.-Section 2, in Red Rocks Canyon. 

sandstone occurs in places but there seems to be no particular 
horizon at which this is likely to be found. In Red Rocks 
Canyon it occurs at the base; in Plum Canyon, none is found; 
in a side gulch east of Plum Canyon a brecciated layer OCCl,lrs 
near the top containing angular fragments one quarter inch in 
diameter; in Chaquaqua Canyon, four miles from the mouth of 
Plum Creek, a coarse cross-bedded sandstone layer IS feet in 
thickness occurs about 50 feet from the top; just across the 
canyon from this point, perhaps two miles distant, and at the same 
horizon, about 30 feet of limestone is found in place of the sand
stone. In many places the sandstones are friable and composed 
of nearly pure quartz. The sand is used as a flux in assaying 
where pure silica is required. The occurrence of the limestones, 
most of which are more or less argillaceous, is as eratic as that 
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of the sandstones. The relative amount and position of sand
stones, shale and limestones at anyone point is no indication 
that a similar relation will be found at any other point. There 
is no abrupt lateral change, but the various beds blend into each 
other or pinch out laterally in a gradual though somewhat rapid 
manner, so that, while no sudden change is seen, a comparison 
of sections a few miles apart may show a total change in kind 
and relation of materials. The Dinosaur bones to be described 
later were found in the shales at nearly every horizon. Aside 
from these, no fossils were found. Careful search at every 
horizon failed to reveal a single invertebrate. 

The three formations-the Red Beds, the shales, and the 
Dakota sandstone-are apparently conformable. There seems, 
however, to be some indication of a break between the gypsum 
and the shales, and still more between the shales and the 
Dakota sandstone. The red sandstone, as already pointed out, 
passes upward through shales into the gypsum by a gradual 
transition. There was no evidence found, at any of the places 
examined in detail, of a break in deposition between the red 
rocks and the gypsum. At the top of the gypsum the evidence 
is not so satisfactory in every case. In Red Rocks Canyon the 
change i!' abrupt from gypsum to sandstone; but in Plum Canyon 
and elsewhere the upper layer of the gypsum beds is shale con
taining irregular masses of gypsum. This is overlain by the 
variegated shales. The gypsum beds vary in thickness from 
20 to something like 100 feet. In some places, at least, as 
shown in the sections given in this paper, the shales increase in 
thickness as the gypsum decreases, and vice versa. It is possible~ 
therefore, that the gypsum beds were exposed and slightly 
eroded previous to the deposition of the shales. However this 
may be, it seems clear that the gypsum belongs to the Red Beds 
series, and probably marks the closing stage of the Red Beds 
period. If this interpretation be correct, there is no gypsum in 
any part of the shale formation of southeastern Colorado, so far as 
known. The contact of the shales with the Dakota sandstone is 
more plainly marked, and in places exhibits gentle undulations, 
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which appear to be due to erosion of the shales previous to the 
deposition of the Dakota. 

Vertebrate fossils were found in the shales near the mouth of 
Plum Canyon in a number of places. No means were at hand 
for digging det:!p enough to obtain good' material, but many 
fragments were found on and near the surface. Two of the best 
preserved fragments-the centrum of a vertebra and the portion 

FIG. 4. 

of a femur-are shown in the photograph, Fig. 4, about one eighth 
natural size. The dimensions of the vertebra are as follows: 

Length - 8 inches 
Transverse diameter at ends 7 
Depth at ends 8 
Transverse diameter at center 5 J4 .. 
Depth at center - 6 ~ .. 
Oepth of sockets, each ~ .. 

The fragment of the femur is 13 inches long, 12 inches wide. 
and 7 inches in diameter. This does not represent the thic,kness 
of the complete bone, since one side is imperfect. These bones 
are solid and coarse in texture. One hollow bone was also 
found. The piece is about 5 inches in diameter and 7 inches 
long, with a hollow 2 inches in diameter. The material obtained 
is not sufficient for generic determination, but in size, texture, 
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and general aspect the bones are similar to the Dinosaurian 
remains of the Atlantosaurus Beds of central Colorado and 
Wyoming .. 

That portion of the general section for the Rocky Mountain 
region which is useful for present comparison is as follows: The 
Red Beds formation (the so-called J ura-Trias) is overlain by the 
Morrison formation, or Atlantosaurus Beds. The line of demarca
tion is drawn at the top of the gypsum beds which occur in several 
localities along the mountains at the summit of the Red Beds. 
The gypsum is regarded as marking the closing stage of the Red 
Beds period. The Morrison formation, which averages about 
200 feet in thickness, is cbmposed principally of variegated 
shales. These contain sandstones and impure limestones, the 
thickness and relative position of which vary from place to place. 
or may be entirely wanting. It is this formation which is noted 
for its huge Dinosaurs. Above the Morrison occurs the Dakota 
sandstone. It should be borne in mind that only the middle 
one of these three formations, the Morrison, contains Dinosaurian 
remains. 

Since the vertebrate fossils of southeastern Colorado have 
not been studied, and since they are the only known fossils from 
the shale formation of that region, we must resort to other 
means of determining the age of the shales, and these will be. 
chiefly stratigraphical and lithological. to which may be added 
such general paleontological evidence as may be drawn from 
unidentified bones. 

a. As stated in a previous paragraph, the upper sandstone of 
the region in question was traced from a known area, and there 
can be little doubt, therefore, that it is Dakota. The Red Beds 
are in structure. color, and general aspect similar to the Red 
Beds of the mountain region, seventy-five miles to the west. 
They differ only in being composed of finer material and in being 
massive near the top instead of evenly stratified, as is often the 

I Since writing this article my companion. Mr. T. A. Pierce, has again visited the 
bone beds and found a number of new localities where bones occur in considerable 
numbers. The width of the territory in which these remains are found and their 
number indicate that this region would yield rich rewards to the bone hunter. 
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case in the typical Red Beds along the mountains. The strati
graphic position of the shale formation is between the Dakota 
and the Red Beds. In this respect its position is identical with 
that of the Morrison. . 

b. In lithological character, the shale closely resembles the 
Morrison, which, in its typical areas', is composed of soft, varie
gated clay, containing more or less sandstone and limestone. A 
comparison of the shale formation with the typical Morrison of 
Colorado shows a striking resemblance. Then: is a somewhat 
greater proportion of clay than in the Morrison, as would natu
rally be expected so far from the mountain area, which was 
probably a part of the feeding ground at that time. A com
parison of the Morrison (Como) of Wyoming reveals a still 
closer resemblance, if, indeed, it cannot be called identity. One 
who is familiar with the Morrison and has studied the shales of 
southeastern Colorado finds a striking likeness between the two 
in material structure and general aspect. 

c. The Morrison is notable chiefly for the great Dinosaurs 
found in its beds, and they are not found in the Dakota above 
nor in the Red Beds beneath. The bones found i~ the shales 
near Plum Canyon are similar in size, texture, and general aspect 
to the characteristic Dinosaurs of the Morrison formation. 

,Although none of these bones have yet been studied by a pale
ontologist, there is little doubt that they are Dinosaur bones, 
and if Dinosaurs occur between the Dakota and the Red Beds, 
the presumption is that the formation containing them is an 
equivalent of the Morrison. 

The shales found in the Canyon of the Cimarron perhaps 
deserve separate discussion. Near the southern boundary of 
Colorado is the divide between the Cimarron and Purgatory 
rivers. On this divide, a distance of nearly thirty miles, no 
stream, so far as observed, cuts through the Dakota. At the top 
of this divide is an extensive mesa capped by flows of basalt and 

ISee U. S. Geol. Surv., Monograph XXVII, Geology of the Denver Basin, p. 52; 
also W. N. LOGAN, Kas. Univ. Quarterly, [900-" The Stratigraphy and Invertebrate 
l<'aunas of the Jurassi; Formation in the Freeze-Out Hills of Wyoming," pp. [[3-[J 5. 
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known as Mesa de Maya. It is a part of the volcanic region 
extending from the mountains eastward along the southern 
border of Colorado. This mesa is separated from the equally 
elevated region of northern New Mexico by the canyon of the 
Cimarron, which is cut not only through the basalt and the 
Dakota, but deep into the Red Beds. Here, as further north, 
a shale formation lies between the Red Beds and the Dakota. 
At the one point studied gypsum occurs near the top of the Red 
Beds, but a thick stratum of red sandstone lies between it ~nd 
the overlying shales. The shales correspond closely in charac
ter and general appearance with those further north, although 
they are more arenaceous and thicker (about 350 feet). Nq 
fossils of any kind were found, but enough was seen of the for-:
mation to warrant the inference that it is probably the same as 
the formation which occurs in the same position in the canyon 
of the Purgatory, thirty milt:s further north, viz., the Morrison. 

SUMMARY 

1. From the foregoing considerations it appears that the 
stratigraphic, lithologic, and paleontologic evidence all point to 
the inference that the shales of southeastern Colorado are of 
Morrison age. It is inferred, furthermore, that this formation 
extends from its line of outcrop along the flank of the Front 
Range, underneath the Dakota, as far east as Smith Canyon,' 
about seventy-five miles, and as far south as the canyon of the 
Cimarron. How much further it extends in these directions is 
not determined. 

2. Although there are gypsiferous shales lying between the 
gypsum and the fossiliferous shales, which might seem at first 
thought to form a transition, it is thought that the line of demar
cation should be drawn at the top of the gypsiferous shales. If 
this division be correct, there is no gypsum in the Morrison for
mation of southeastern Colorado. In this it differs from that for
mation as reported from some localities. The gypsum is here con
sidered as belonging to the closing stage of the Red Beds period. 

WILLIS T. LEE. 
TRINIDAD, COLO. 

Digitized by Google 



l!,'D1TORfAL 

THE JOURNAL has had occasion to comment with some 
severity on the action of certain former officials of the state of 
Misspuri relative to the official geological investigations of that 
state. It is therefore with the greatest pleasure that it now 
makes note of the recent appointment of a new Board of 
Managers of the Bureau of Geology and Mines, by Governor 
A. M. Dockery. The following gentlemen have been elected 
officers of the Board: President, Professor E. M. Shepard, 
Springfield, Mo.; Vice President, Dr. E. B. Craighead; Secre
tary, Colonel H. H. Gregg. Joplin, Mo.; Dr. W. S. Allee, Olean, 
Mo. The headquarters of the survey have been removed to the 
School of Mines at Rolla, under orders from the legislature. A 
state geologist will soon be appointed. 
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Department of Geology and Natural Resources of Indiana, Twenty
jiftk Annual Report. By W. S. BLATCHLEY, State Geologist, 
Indianapolis, Ind., 1900. Pp. 782. Maps and plates. 

The current report deals mainly with the cement resources of the 
state. It opens with a short paper by the state geologist on Portland 
cement, a compilation treating of its history, uses, composition, pro
cess of manufacture, methods of testing, etc., together with a short his
tory of the development of the industry in Indiana. 

The report on the Lakes and Marl Deposits of Northern Indiana 
is the result of the joint work of the state geologist and and Dr. Georg~ 
H. Ashley. It is a thorough report of some three hundred pages and 
is accompanied by seventy maps of individual lakes on which the marl 
deposits in their varying conditions of occurrence are represented by 
conventional signs. In the body of the text, full physiographic 
descriptions of the lakes are given, as well as the detailed economic 
geology of the marl deposits. The notes on the natural history of 
these lakes, which are appended to the descriptions, are of much inter
est to the student of botanical ecology. 

It is found that a deposit of marl of a thickness of ten feet and cov
ering 160 acres will supply a factory of 500 barrels daily capacity for 
30 years. Such a supply is termed a .. workable deposit" in the report. 
There are thirty. two lakes which have at least that much marl available. 
With improved methods of raising marl from deeper waters, the pro
ductive area of these lakes will be much enlarged, and there will be 
added to the number half as many more, whose deposits are for the 
most part under water of greater depth than ten feet, the present limit 
of access~bility. 

In regard to the origin of the marl the authors do not attribute 
more than 1 per cent. to shells as a source. The immediate source 
they believe to lie in the calcareous matter of the glacial clays which 
reaches the lakes in the form of the soluble double carbonate, 
CaH.(CO]).. This is believed to be carried by subterranean rather 
than superficial streams, because the marl deposits are found in 
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association with sub-lacustrine springs, while the mouths of streams and 
the currents leading away from them are marked by deposits of muck 
and silt. Calcium carbonate (CaCO,) will be deposited if by any 
means CO. be withdrawn from the double carbonate. The authors 
recognize three such means. 

1. Increase in temperature from mingling with the warmer lake 
waters. 

2. Decrease in pressure as the spring water rises to the surface. 
3. Extraction by aquatic plants, such as stoneworts, etc. 
Since more than half the matI lakes do not have the stoneworts in 

abundance, and since the marl in general does not show that large per
centage of organic matter which is shown by marls deposited through 
the agency of the stoneworts, the authors are inclined to minimize the 
part of aquatic plants. 

As the spring water is colder than the lake water and denser owing
to the carbonate in solution, we can see no cause for the rise of the 
spring water, except diffusion, in which the CO. released by ascending 
waters would be just balanced by that taken into solution by the 
descending currents. 

If the main dependence is to be put upon the first means for 
removing the CO.,;. e., increase of temperature, it seems to us that 
springs which emerge superficially in the neighborhood of the marl 
lakes would have their waters warmed more rapidly than sub-lacustrine 
springs, and should thus have copious deposits of marl. No reference 
is made to such deposits. We believe a competent theory for the 
deposition of the marls is yet to be found. 

The state is to be congratulated on the timely appearance of this 
report and will reap the benefits which accrue from early occupation of 
the field. 

"The paper on the 'Silver Creek Hydraulic Limestone,' by Mr. C. 
E. Sieben thai, contains full details regarding the location and stratig
raphy of the stone so largely used in southern Indiana for the manu
facture of natural rock cement, as well as an historic, descriptive, and 
statistical account of the industry. It is accompanied by a map show
ing the exact location of the cement rock." 

Of the Bedford limestone' there was quarried in 1900 some ,,035,000 
cubic feet, with a value of $1,699,649. 

'The article on this subject contributed to the current report by the wriler, was 
made to read" Indiana Oolitic Limestone," without the consent or knowledge of the 
author. 
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From the report of the state mine inspector we learn that the pro
duction of coal in 1900 reached the largest figure in the history of the 
state, being 6,351,976 tons, valued at $4,883,024-18. 

In a paper on the petroleum industry, the state geologist supple
ments his articles in the Twenty-first and Twenty-second reports, by 
noting recent developments in the main Indiana field, as well as in sev
eral smaller fields recently exploited. The paper is accompanied by a 
map of the field. The oil anll gas reservoirs of the state are found to be 
mainly in the porous dolomitic upper portion of the Trenton limestone 
which does not appear at the surface anywhere in the state. The 
author conceives the dolomitization to have resulted from the concen
tration of sea water in the shallow indentations of the coast or margi
nal lakes, with resulting substitution of magnesium for calcium in the 
rock below. The total production of oil in 1900 was over 5,000,000 

-barrels, valued at about $5,000,000, one dollar per barrel. 
The last paper in the report is from the pen of Dr. E. M. Kindle, 

and is entitled, the" Devonian Fossils and Stratigraphy of Indiana." 
It is one of the most important contributions which has ever been 
made to the knowledge of the paleontology of the state, and, with the 
exception of Dr. Foerste's work on the Silurian, is the only attempt 
which has been made to systematically explore the faunas of a group of 
Indiana rocks. 

The first part of the paper takes up in detail the stratigraphy of the 
various localities, and discusses their faunal relations and correlation. 
The discovery at Delphi, Ind., of a new fauna in the New Albany shale 
leads Dr. Kindle to regard that formation as the western equivalent of 
both the Portage and Chemung, instead of the latter alone. Another 
interesting fact is that the Devonian limestones, which are well differ
entiated into the Sellersburg beds and the Jeffersonville limestone in 
the southern part of the state, give way to the. dolomitic Geneva lime
stone and the Pendleton sandstone in the middle area, but resume their 
double facies again in the Wabash region, noting, however, that the 
Sellersburg beds hold very different faunas in the two regions. 

The second part of the paper deals with the paleontology of the 
Devonian beds. The specific descriptions are preceded by keys for 
the discrimmation of the species attributed to each genus, and these, 
taken in connection with the thirty-one excellent plates, comprising. 
more than three hundred figures, make the paper an exceedingly useful 
handbook of this formation, particularly for Indiana students. 

C. E. SIEBENTHAL. 
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Summa,)' Report of the Geological Survey Department [of Canada] 
for tke Year I900. Ottawa, 1901. 

Among the more interesting features of the work of the year are 
(I) a series of experiments in separating the magnetic element from 
black auriferous sands by a magnetic separator, and thereby concen
trating the gold in the non· magnetic residues (collected by J. C. 
Gwillim, treated by J. B. Porter); (2) the discovery of salt at St. 
Gregoire in a red formation referred to the Medina, which throws light 
on the conditions attending the origin of that formation in common 
with other red sand and marl deposits; (3) a survey by J. MCAvoy of 
the Crows Nest coal field, which is estimated to contain over 
22,000,000,000 tons of workable coal of excellent coking qualities 
and low percentage of ash or other deleterious substances; (4) addi
tional discoveries of Cretaceous coal in northern British Columbia, 
indicating that "the coal-bearing Cretaceous rocks occupy a much 
larger area than had been supposed between the 55th and 57th parallels 
of latitude, while anthracite coals have actually been found in the 
region about the head-waters of the Skeen a and Stikine rivers JJ (J. S. 
O'Dwyer and A. H. Dupont); (5) a further report on the Klondike 
district, dealing with its indurated series and its gravels, gold and 
copper deposits, lignites, and glaciation (R. G. McConnell); (6) the 
exploration by J. C. Gwillim, of the Atlin district (about 60° lat. and 
1340 long.); (7) additional results in the Kootenay district; (S) an 
outline of explorations, by J. M. Bell, about Great Bear Lake and 
Great Slave Lake; (9) a brief statement of work on the crystalline 
area northwest of Lake Superior, by William McInnes; (10) a report 
of work north of Lake Superior, by Robert Bell, relating especially 
to iron ore developments; (II) studies, by W. A. Parks, in the 
Muskoka district; (12) examination of the region south and east of 
Ottawa, by Dr. Ells; (13) studies in the vicinity of Montreal, by 
O. E. LeRoy; (14) the examination of Shefford Mountain, by J. A. 
Dresser; (IS) work in the Lake St. John district, by G. A. Young; 
(16) work on the great slate belt of New Brunswick, by L. W. Bailey, 
in which fossils indicating Ordovician and Cambrian ages were found; 
(17) investigations on the surface geology of northwestern New 
Brunswick, by R. Chalmers; (IS) work in Nova Scotia on the coal 
field, by H. Fletcher and M. H. McLeod, and on the gold field by Mr. 
E. R. Faribault; (19) outlines of chemical, paleontological, and 
natural' history investigations. 
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The preliminary determination of the geologic series of the Atlin 
district is as follows: 

I. Sandstones and argillites of probable Cretaceous age, in the basins of 
southern Taku arm and Atlin Lake, with an expected continuation to the south
east by Pike Lake, and the Nakina River. 

2. The characteristic rocks of Pine Creek basin are different varieties of 
magnesian combinations, together with some greenstones of a diabasic 
character. Magnesite, serpentine, dunite, greenstone, actinolite slates and a 
very friable gray limestone are the chief rocks. These were not seen outside 
of the Pine Creek and McKee Creek basins excepting in two or three locali
ties. They extend in patches across Atlin Lake westward into Taku inlet 
and possibly over towards Taku arm to a point five miles south of Toochi 
River. Another area of these typical rocks is found about Chehalis Cr<!ek, 
south of Gladys Lake, as mentioned previously. 

3. Cherty quartzites and various kinds of clay-slates, together with patches 
of gray or black limestone distributed over the great flats west of Dawson 
Peaks and Gladys Lake, O'Donnel River basin, and eastwards to Teslin 
Lake at-its southern end. 

4. Great masses of crystalline limestones on northern Taku arm, Little 
Atlin Lake, Lower O'Donnel River, and at the junction of Silver Salmon and 
Nakina Rivers. 

5. Late eruptive rocks of basaltic and porphyritic characters. all about 
the southern parts of Atlin Lake, constituting the central portions of most of 
the groups of mountains there. 

6. Granites of the Coast Range at the south end of Taku arm, and isolated 
masses of granite from the northern end of Atlin Lake eastwards across 
Surprise Lake, and Snowdon Mountains to near Teslin Lake; also McMaster 
Mountains east of Lower O'Donnel River. and the bowlder-stream plateaus 
seventeen miles eastward, from Ruth Lake on the Taku trail. 

The conclusions relating to the ages of the rocks in the Kootenay 
district are as follows: 

The crystalline gneisses and schists are of uncertain age, probably they 
include rocks of different age, but they are, at all events, among the oldest 
rocks of the district. The Nisconlith rocks are Lower Paleozoic, supposed 
to be about Cambrian. The Cache Creek rocks are Upper Paleozoic, pf(\bably 
Carboniferous. This is the age also assigned to most of the greenstones 
(andesites, porphyrites, serpentines, etc.), and the limestones and argilites 
associated with them. Some of the andesite and agglomeratic rocks in the 
Trail Creek district are no doubt younger, but there is no definite information 
regarding their age except that they are older than the conglomerates and 
the Rossland granite. The gray granite which cuts the greenstones is probably 
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about Jurassic. The monzonite-like rocks appear to be younger than the 
gray granite, which would indicate that they belong to the Cretaceous. 

The conglomerates are amongst the younger rocks. The Lake Mountain 
conglomerate is supposed by Mr. McConnell to be Tertiary. It bears a 
strong resemblance, both lithologically and stratigraphically, to the con
glomerates associated with the Tertiary volcanics on the Kettle. River, which 
are supposed to be of Tertiary age. The Rossland granite, which sends 
dykes through the conglomerates both on Sophie Mountain and on the Kettle 
River, is evidently younger than these. Dr. Dawson has observed granite 
very much like the Rossland granite, cutting the Cretaceous rocks, in the 
Kamloops district. The Rossland granite, again, is newer than some of the 
basalts, as inclusions of the latter were found in it, and reddish porphyry 
dykes, seemingly identical with those from this granite, were observed cutting 
the lower volcanic beds. There seems good ground, therefore, for supposing 
this granite and the accompanying porphyries to be Tertiary (R. W. Brock). 

C. 

Aus den Hockregionen des Kaukasus. Wanderungen Eslebnisse, 
Beobachtungen von GOTTFRIED MERZBACHER. Two vol
umes, 1920 pages, 246 illustrations from photographs, 3 
maps. Leipzig: Duncker & Humblot, 1901. Price, 40 
marks. 

This is another great work on the Caucasus, which may be com
pared favorably wi·th that by Freshfield. The two large volumes by 
Merzbacher deserve a more extended review than it is possible to give 
them at this time. They present in very attractive form the result of 
much labor in exploring the peaks and snowfields, the glaciers and 
valleys of the lofty Caucasus, as well as in study and observation of the 
country and its peoples. Much labor has also been bestowed upon 
the preparation of the book, which appears in the character of the 246 
illustrations, most of which, from photographs taken by the author, 
have been redrawn with great success artistically, especially those by 
E. T. Compton. The three topographic rr.aps of the region, on a 
scale of 1 : 140,000, furnish a great deal of valuable detail. A most 
convincing evidence of the care taken with the preparation of the book 
is the index of I 17 double-columned pages. So also are the frequent 
bibliographic references. 

The first chapters are devoted to the general discussion of the 
orography and structure of the high Caucasus; their glaciers, hydrog
raphy, passe~, and subdivision into three groups, western, central, and 
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eastern. Then follows a comparison of these mountains with the 
Swiss Alps, in which the Caucasus is shown to excel in loftiness and 
grandeur of peaks and mountain masses, and in wildness and solitude. 
But the Swiss Alpine valleys surpass those of the Caucasus in the 
charm of their beauty and restfulness. There are chapters on the eth
nology of the peoples inhabiting the region, and an historical sketch of 
the explorations of the mountains. 

These chapters are introductory to the narrative of the explorations 
by Merzbachen, who, as an Alpine climber, undertook the ascent of 
the loftiest and most forbidding peaks. The narrative begins with his 
departure from Munich in 1891, and the details of the journeys are 
presented with such thoroughness as to constitute a veritable guide
book of the country traversed. Passing through Batum and Kutais to 
Tschwelieri, the mountains are entered by way of the Lahpari Pass. 
Following an unsuccessful attempt on Ushba, are the ascents of the 
Laila and the Tetnuld, the crossing of the Adur-see Pass into the 
Baksan Valley, the ascent of Elbrus and a series of high peaks east to 
Kasbek, which, with a journey to Tillis completes the experience ot the 
first season. The second expedition, in the summer of 1892, was 
directed to the eastern portion of the range, and a number of lofty 
peaks ascended, including Tebulos-mta, Komito tawi, and Donos-mta. 

The book finishes with a chapter on the map of the mountains and 
a discussion of the names applied to the peaks and passes; also a 
petrographical description of rock specimens and fossils collected by 
the author and studied by Dr. Ludwig von Ammon. Finally, there is 
a statement of all things possibly needed for such an expedition: 
clothing, camp outfit and provisions, apparatus, medicines, and pres
ents suitable for those whose favors could not be repaid with money. 

J. P. 1. 

TIte Geolog,:cal History of tke Rivers of East Yorks/tire [England]; 
being the Sedgwick Prize Essay for the Year 1900. By F. 
R. Cowper Reed, Trinity College, Cambridge. 

In this study the modern physiographic mode of working out the 
history of topographic and drainage systems is employed with appar
ent success, following confessedly American precedents. The general 
conclusions are thought to apply to East England, and perhaps more 
widely. They are set forth as follows: 
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By the preceding examination of the geological and physical evidence 
we have traced the general outlines of the evolution of the present drainage 
system of East Yorkshire through several successive stages, and we find that 
its history is intimately bound up with that of the whole of Eastern England 
since Palreozoic times. There are local details still waiting to be filled in, 
and branches of the subject still to be investigated, but it is believed that 
they will produce no evidence which will contradict the main results here 
worked out. The division of the physical history of the region since Creta
ceous times into silt stages or cycles is based on geological evidence which 
is practically incontrovertible; the assumptions as to the original slope of 
the surface and the deformation of the peneplain are supported by orograph
ical measurements and geotectonic considerations of great weight, as well as 
by being in harmony with evidence from other parts of England; and, 
finally, the theory of consequent and subsequent streams has been established 
on a firm foundation by Davis and many other workers in the same field. 
The hypothesis of the secondary origin of the Moorland anticlinal as a water
shed more or less parallel to the original consequent streams has been found 
to afford a natural and satisfactory explanation of the behavior and charac
t~rs of the water courses which it concerns; and the modifications effected 
by the glacial period have been interpreted in most cases from direct field-
evidence. 

T. C. c. 

The Conveyance of Water ill Irngation Canals, Flumes, and Pipes. 
By Samuel Fortier. [Bulletin No. 22, Water Supply and 
Irrigation Papers, Division of Hydrography, United States 
Geological Survey. ] 

The paper calls attention to present practices in the conveyance 
of water in the irrigated districts in different parts of the arid West 
and points out ways in which works of this character may be built with 
greater permanence and at less cost than those now in existence. As 
the relation of the cost of delivering water to the value of the crop to 
be raised is the vital question in irrigation, this paper should be of 
especial value to those in anyway affected by the results of irrigation. 

The report gives a comprehensive review of the various kinds of 
irrigation canals and ditches, discussing the faults and merits of each 
and dwelling on such problems of their operation as the effects of too 
great or too little grade, the growth of aquatic plants and thei:" removal, 
the accumulation of ice in winter, and the flow of water as affected by 
the nature and condition of the conduits. 
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Considerable attention is given to the construction and serviceabil
ity of various kinds of wooden flumes, and their development from the 
simpler and cruder forms to the expensive but more satisfactory 
flumes and pipes. There is also a section devoted to the discussion 
of the cast iron pipes, their history in irrigation, durability and 
cost. 

Copious illustrations and diagrams accompany the report and 
materially add to its value. As the extent of arid land in the United 
States is so vast, fully two thirds of its area, and includes some of the 
richest agricultural land on the globe, this information regarding the 
methods and growth of irrigation will be welcomed. 

G.B.H. 

The University Geological Survey of Kansas. Volume IV, Paleon
tology, Part II. By SAMUEL W. WILLISTON, Paleontologist. 

This part two of the paleontology of Kansas is devoted to the des
cription of the Carboniferous invertebrates and the Cretaceous fishes. 

The Carboniferous invertebrates, from the Protozoa to Pelecypoda 
inclusive, have been discussed for the report by Dr. J. W. Beede. All the 
species have been fully described, so that the report will be a valuable 
manual for the study of Upper Carboniferous or Coal-measure inverte
brates. Not since Meek's report on the Coal-measure faunas of east
ern Nebraska, published in 1872 in the final report of the U. S. Geo
logical Survey of Nebraska, has there appeared so comprehensive a 
report of the faunas of this age, and the report will be of great value 
to all workers in Upper Carboniferous paleontology whether in Kansas 
or elsewhere. The paper is illustrated by twenty· two plates. The 
completion of the report, including the treatment of the additional 
classes of invertebrates, is promised for the next part of tile Paleon
tology of Kansas to be published by the Survey. 

The literature on the Cretaceous fishes of Kansas has been widely 
scattered in the past, much of it having been published in Germany 
from collections secured from Kansas for the museums of German 
univerities, and has been for the most part inaccessible to American 
students who have not had access to large libraries. In the present 
report the Selachians and Pycnodonts have been treated by Dr. S. W. 
Williston, and the Teleosts by Mr. Alban Stewart. These two papers 
together constitute a comprehensive report of the Kansas Cretaceous 
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fishes and are a valuable contribution which will be of use not only to 
the citizens of Kansas, but to all students of fossil fish. 

Profiles of Rivers ill tke United States. 
Water-Supply and Irrigation Paper 
Geological Survey. 

S. W. 

By HENKY GANNETT. 

No. 44, United States 

This interesting and valuable publication embodies within a hun
dred pages the leading. facts of about one hundred and fifty of the 
most important rivers and streams of the country, noting their length, 
drainage area, the location of water power in their courses, their 
peculiarities of flow, and the nature of their drainage basins. 

The rivers selected are those which are the largest in size and bear 
most directly upon the varied interests of the country, such as the 
Connecticut, Hudson, Susquehanna, Ohio, Potomac, Mississippi, Mis· 
souri, Platte, Colorado, Sacramento, Columbia, and others. The 
figures for the tables showing height above sea level and fall per mile 
were collected from various sources; some were obtained from the 
report of the chief engineer of the United States army, some from rail
road companies when their lines cross streams, and some from the 
Atlas sheets of the United States Geological Survey. 

In the case of such rivers as the Connecticut, Susquehanna, Missis
sippi, and Colorado, where the surrounding country is, in part or whole, 
of peculiar physiographic interest, very excellent and vivid descriptions 
of its leading physical characteristics are given. The pamphlet is the 
result of much careful work, and is the first attempt to collect and 
compile this information in its present form. 

G. B. H. 

Yearbook of llu United States Department of Agriculture for I900. 

Washington, 1901. 

The portions of this important volume of most i~terest to geolo
gists are those which relate to soil investigation and the special papers 
on .. Mountain Roads," by James W. Abbott: "The Selection of 
Materials for Macadam Roads," by Logan Waller Page; "Objects and 
Methods of Investigating Certain Physical Properties of Soils," by 
Lyman J. Briggs; and" Practical Irrigation," by C. T. John!;ton and 
J. D. Stannard. 

c. 
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JOURNAL OF GEOLOGY 
JULY-A UGUST, I90I 

ON A POSSIBLE FUNCTION OF DISRUPTIVE APPROACH 
IN THE FORMATION OF METEORITES, COMETS, 
AND NEBUL.tE.12 

ACCORDING to a familiar doctrine founded on the researches 
of Roche, Maxwell, and others, a small body passing within a 
certain distance (the Roche limit) of a larger dense body will be 
torn into fragments by differential attraction. In reality, the 
doctrine is applicable to the close approach of any two bodies 
of sufficient mass and density, but, as this more familiar case of 
a small body in close approach to a larger body is the one sup
posed to be involved in the origin of comets and certain meteor
ites, it will at first be taken as representative, and the wider 
application of the doctrine will be considered later. 

The sphere defined by Roche's limit is computed on the 
basis of a liquid body whose cohesion is negligible, and whose 
self-gravitation alone is considered. It is obvious, therefore, 
that when cohesion is a notable factor, a small body might pass 
through the outermost part of this Roche sphere without suffer
ing disruption, but that, if a nearer approach were made to the 
large body, fragmentation might take place. There is, there
fore, a sphere within the Roche limit-which may be called the 

I I am greatly indebted to Dr. F. R. Moulton for suggestions and criticisms, and 
for formulre for certain auxiliary computations that do not appear in the paper. I 
am under obligations to Mr. C. E. Siebenthal for the diagrams and other aid. 

"From THE ASTROPHYSICAL JOURNAL, Vol. XIV, No. I, July 1901. 

Vol. IX, No. S. 369 

Digitized by Google 



370 T. C. CHA.tlBHRLIN 

sphere of disruption-which is applicable to solid bodies as 
distinguished from liquid bodies. 

The size of this sphere of disruption compared with the 
Roche sphere depends, among other things, on the coefficient 
of cohesion and the size of the body to be disrupted. The 
coefficient of cohesion being the same, the sphere of disruption 
is relatively smallest when small bodies are to be disrupted, and 
becomes larger as the size of the body increases until it is 
sensibly as large as the Roche sphere. To illustrate this con
cretely, let disruption be supposed to take place along a diamet
rical section normal to the gravitative pull, dividing the body 
into halves. Let the bodies to be disrupted be spherical and 
homogeneous. The cohesion to be overcome will then obviously 
vary as the areas of the diametrical sections, and these areas 
vary as the squares of the radii of the bodies. But the masseS 
of homogeneous spheres vary as the cubes of their radii, and 
the gravitative pull varies as the masses, modified by the differ· 
ential tidal pull. It follows that mutual gravitation will more 
effectively disrupt large bodies than small ones. The limit at 
which the fragmentation of a solid body will take place will 
therefore approach more and more closely that of a fluid body 
as the size of the solid body becomes larger. For solid bodies 
of considerable dimensions, as asteroids, for example, the limit 
of disruption approaches sufficiently near Roche's limit to make 
the difference negligible in a general discussion. This will appear 
the more evident from the following numerical considerations. 

Experimental data as to the tensile strength of rock are very 
limited, as the material is rarely used where tensile stresses are 
involved, but all the results of experimental tests given in 
johnson's Maleria! of Constructioll fall notably below 1000 

pounds to the square inch, and this figure may be assumed as a 
liberal representative estimate. The weight of representative 
rock may be taken as i-n- pound per cubic inch. The tensile 
strength of an inch cube is therefore to its weight, at the surface 
of the earth, as 10,000 to I. Using the same data. the tensile 
strength of a mile-cube of rock is to its weight as 1 to 6.36, 
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while that of a loo-mile-cube is as I to 636. It will be seen, 
therefore, that in a comparatively small body the cohesive 
resistance to disruption bears a very small relation to the gravity 
of the mass, and that for large bodies it is negligible. For such 
bodies, the Roche limit may be taken as appreciably the limit 
of the sphere of disruption. 

These numerical considerations, however, show that frag
mentation by differential gravity acting alone will not become 
minute in any such case as that of a satellite or asteroid making 
a near approach to one of the planets. 

But there are additional considerations that influence the 
practical result. The outer portion of the earth, and doubtless 
that of the satellites, asteroids, and cold planets generally, is 
deeply traversed by fissures-oblique and horizontal as well as 
vertical-which render it little more than a pavement of dissev
ered blocks which could be lifted away with little resistance 
beyond that of gravity. The relief of pressure upon the less 
fissured portion below, which would follow upon the removal of 
the overlying fissured portion, and the sudden exposure of this 
under portion to a lower temperature resultant from this removal, 
would develop new stresses; and these would doubtless give 
rise to additional fissuring and further easy removal, and thus 
the process would be extended. It is not improbable that the 
sudden rending open of a sphere that is hot within and the 
consequent exposure of the highly heated rocks in the interior 
to much lower temperatures would result in sufficiently great 
differential contraction to minutely disrupt the fragments irre
spective of differential gravitation. The central portions of a 
body sufficiently hot to melt at surface pressures would doubtless 
pass immediately into the liquid condition on the removal of the 
pressure of the overlying rock, and this passage might, not 
unlikely, take on eruptive violence by reason of the included 
and highly compressed gases-or substances in a potentially 
gaseous state-in which case an extremely minute division 
would ensue. In the case of the earth, there is good reason to 
believe that if its interior gravitative stresses were suddenly 

Digitized by Google 



372 T. C. CHAMBERLIN 

removed, its internal elasticity would disrupt its exterior with 
much violence; .and if the gravitative stresses were more grad
ually removed, the disruption would still be complete and per
vasive, though less violent. How far a similar view may be 
entertained with reference to small bodies like the asteroids is 
uncertain, but even in these it is not improbable that the internal 
elastic factors would offset in some large part, if not entirely, 
the restraining force of the general cohesion of the mass. 

From these considerations it would seem that the sphere of 
disruption, even in solid bodies of the nature of satellites and 
asteroids, may closely approximate to the theoretical Roche 
limit, while, for large bodies intensely compressed and very hot 
within, the practical sphere of disruption might actually exceed 
the Roche sphere. In the case of large gaseous bodies like 
the sun, intensely heated and compressed in the central por
tions, the disruptive or dispersive sphere must be much larger 
than the Roche sphere. But of this later. For the smaller 
solid bodies, and for present purposes, it may pe assumed 
that the sphere of disruption is practically defined by Roche's 
limit. 

The size of the sphere of disruption compared with the size 
of the body producing the disruption is an essential point in this 
discussion. The relative magnitude of these varies for every 
couplet of bodies brought under consideration, because it is 
dependent on density, cohesion, internal elasticity, and other 
varying factors. Roche has shown that, if the two bodies are 
incompressible fluids of the same density, and without cohesion, 
the limit of disruption is 2.44 times the radius of the body 
producing the disruption. The cross section of this body will 
therefore be to the cross section of the Roche sphere as I is to 
5.95. The disk of the outer ring of Saturn, compared with that 
of the planet, whose density is unusually low, is a trifle below 
this ratio (I: 5.29), but may be taken as a practical sanction of 
the figure theoretically deduced. The disk of the Earth, a dense 
body, is to the disk of the Roche limit, as computed by Darwin, 
as I to 7.5. It may therefore be concluded that where planets 
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and planet-like bodies are concerned, the sphere of disruption 
has a cross section from 5 to 7.5 times as great as the central 
body It follows from this, that to a passing body the sphere of 
disruption exposes a disk five to seven times as great as the 
central body, and hence there are from four to six times as many 
chances that th~ passing body will invade the sphere of disrup
tion without collision, as that it will strike the central body. In 
other words, tke fragmentation of a small body by near approach to 
a large 01t£ of the nature of the planets will be from four to six times 
as immi1t£nt as actual collision . 

. That disruptions or explosions of some kind actually take 
place in the heavens, and that not uncommonly, seems to be 
implied by the sudden appearance of new stars, often with great 
brilliancy, followed by rapid decline to obscurity or extinction! 
Five such new stars have been recorded during the last decade, 
and the survey of the heavens during this period has not been 
entirely exhaustive. The appearance of such new stars has been 
referred to collision, but their frequency has been felt to be an 
objection to this view, and other explanations, of the nature of 
eruptions or explosions, have been offered, but usually without 
assigning any probable cause for such extraordinary explosive 
action. The numerical objection is, in some measure, removed 
if the possibilities of disruptive approach be added to those of 
collision; and it will be seen further on that special condi
tions giving rise to distant approaches that are merely disturb
ing at the outset, may ultimately give rise to large possibilities 
for disruptive approaches. 

That bodies pass within the disruptive sphere of other bodies 
is known from the fact that at least four comets have been 
observed to pass within the Roche limit of the sun, and these 
would quite certainly have been torn into fragments if they had 
not already been in that conditi.on. There are, therefore, some 
observational grounds for the view that instances of bodies pass
ing through the disruptive spheres of other bodies are not so 
rare as to render their results unimportant. 

• A fact which has become very familiar and impressive, since this was written, 
by the appearance of Nova Persei. 
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In the considerations now set forth, there' seems to be war
rant for the proposition tkat solid bodies may suffer fragmmtotz"on 
wit/tout acmal other bodies, dus so dis-
ropted may con 0 long tI.S the f in clustered, 

nd that when tis become dis/J y constitute 
lie vanety of nly the first proposition 
s novel- if s - for the d of comets 

into meteorites is an accepted doctrine. The characteristics of 
comets other than their fragmental structure will need to be con
sidered, but this may best be taken up later. 

The foregoing conclusion, as a purely ideal proposition, does 
ot appear to d d' . ion, unless the fundamental deduc-
ions of Roch nd others are Nur does 
ts application titious cases bodies per-

mit definite d neither the n number of 
uch bodies or is the iiI-. their close 

approach to other bodies capable of estImatIOn. But, on the 
probable supposition that the stars are centers of systems like 
our sun, there are hypothetical cases of approach of these sys
tems to each other that by disturbance of the planetary orbits 
may lead on to disruptive approach of the individual bodies, and 
hus give effe ion to the do hese invite 
onsideration. confessed th s, likewise, 
annot be disc uch satisfacti movements 
f the assume ms and their each other 
re but very known. Pres wever, war-

rant the assumption that the stars and their attendants are mov
ing in various directions at various velocities, and that they are 
probably not controlled by any central body; nor do they prob
ably follow concentric orbits so adjusted to each other as to for-

id close appr e conception vements of 
he stars are s alogous to th olecules of 
n exceedingl gas in an ope ated by the 
ttraction of but disperse s the most 
robable that tained in the of knowl-

edge. It may at least be made the basis for the assumptions 
necessary to further discuss the doctrine in hand. 
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Let two stars be assumed to be attended by secondaries like 
those of the sun, and to pass each other near enough to initiate 
serious disturbances in the orbits of the planets and satellites of 
the two systems. It is not necessary that this disturbance shall 
be so great as to bring about a disruptive approach of any of 
these bodies at once, but merely that this shall be the ulterior 
effect, which may be long delayed. The two systems need not 
necessarily invade each other's actual limit, that is, the two 
suns need not approach each other within the sum of the radii 
of the orbits of their outermost planets.' For example, in the 
ideal case of two solar systems, it is not n~cessary that the 
orbits of the two Neptunes shall actually cut each other. If the 
undisturbed orbits merely touch each other, or even closely 
approach each other, it seems clear that if Neptune be at the time 
coming toward the point of such ideal contact, or near approach, 
the attraction of the passing sun, together with Neptune's own 
momentum, will carry the planet far beyond the limit of its own 
ideal orbit into the sphere of dominant influence of the passing 
sun. At the same time, the paths of the inner orbits of both 
systems will be distorted in a quite irregular way, dependent 011 

their various positions in their several orbits. The transfer of 
an outermost planet from one system to another under these con
ditions of general disturbance, or any other radical change in 
the orbits of the outer planets, will quite certainly lead on to· 
other disturbances of orbit, some of which may sooner or later 
lead to disruptive approach, though the result of such a compli
cation is beyond the reach of precise prediction. 

A still more remote approach between two systems in which 
the only result is a pronounced elongation of the orbits of the 
two systems, may ultimately result in close approaches, for, if 
the orbit of any of the planets of the two systems be elongated 
so that its perihelion distance is less than the aphelion distance 
of the next inner planet, or its aphelion distance greater than the 
perihelion distance of the next outer planet, a disruptive 

• In the illustrative examples it is assumed for convenience that the planes of the 
systems are normal to the systems' lines of movement. 
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approach, although it will not necessarily follow, because the 
planes may not coincide, and for other reasons, may result-if 
not at once, at least ultimately-as a consequence of the shift
ings and modifications which such a disturbed condition involves. 
For example, it is obvious that by a favorable conjunction with 
a passing system whose sun is distant from Neptu11£ considerably 
more than the radius of his orbit, there may be an elongation of 
the orbit of Neptune so as to make it cut one or more of the 
inner orbits, and that further modifications may arise out of 
these relations which will either increase or decrease the eccen
tricity. The priIJciples applicable here are identical with those 
that have been found to produce radical modifications of the 
orbits of comets and that have been worked out by H. A. 
Newton and others. 

To embrace the full possibilities of the case, it is therefore 
necessary to consider (I) the effects of systems passing each 
other at distances varying from those in which the outermost 
planets do not even cut each other's orbits, down to center-on
center collisions, and (2) to take account of the ulterior effects 
of disturbed orbits, as well as the immediate effects. This last 
is a consideration of no small importance in the qualitative as 
well as the quantitative application of the doctrine, for it distrib
utes the effects over an indefinite period of time, and does not 
require their coincidence with the passage of the systems. The 
ulterior effects, so far as the disruption of secondaries is con
cerned, may apparently be much greater than the immediate 
effects. If this is not already dear, let a specific case be taken, 
as, for example, two solar systems passing each other so that 
their centers shall be 500,000,000 miles apart at nearest 
approach. If the planes of the systems are transverse to their 
paths, the ideal undisturbed orbits of the asteroids will touch, 
or closely approach, or slightly cut each other, as the individual 
case may be. The ideal orbits of the Jupiters will fall but little 
short of the passing sun, while the ideal orbits of Saturn, Uranus, 
and Neptune will fall outside the passing sun. While the precise 
results of such an event cannot be computed, it is quite certain 
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that the secondary systems of the two suns will be most pro
foundly disturbed and the symmetrical and harmonious relations 
of the planetary orbits be utterly broken up. While even in this 
case the immediate contingency of a disruptive approach of one 
secondary to another may not be high, there will arise a 
perpetuated series of contingencies, the' consequences of which will 
apparently be immeasurably greater than those immediately inci
dent to the disturbing action, and the end of this perpetuated 
series of contingencies can scarcely be foreseen. Assuming that 
the great planets will exercise the same kind of influence over the 
small planets and asteroids that pass near them that Jupiter does 
over comets, the range of possible contingencies involves, on the 
one hand, closer and closer approaches and even collisions with 
the Sun and with other planets, and, on the other hand, the devel
opment of extremely elliptical orbits that will carry the small 
bodies into the sphere of influence of some other system. How 
large a proportion of these theoretical possibilities will be rea
lized in a given disturbed system, it is impossible to determine, 
for the problem is far beyond the power of mathematical analysis, 
but it seems at least probable that results of moment may 
ensue. 

If we may judge from the solar system, the small bodies may 
be assumed to be at least fifty times as numerous as the large 
ones, while not improbably they are a hundred.or several hundred 
times as numerous. Other things being equal, they should show 
the characteristic effects of the action under discussion with 
correspondingly greater frequency. But the other conditions 
intensify these effects. A small body may be disrupted by a 
large one, but not necessarily the reverse. So, too, a small body 
may be thrown into an erratic orbit, while the orbit of the large 
body may not be sensibly affected, as shown by the changes in 
the orbits of comets caused by Jupiter. By far the most common 
effect of the close approach of two star systems should therefore 
be the fragmentation of the small bodies by being caused to 
pass within the spheres of disruption of the large bodies. As 
previously indicated, tlte contillgency of acquiring at tlte same time 
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lzt"glll.J' erratic orbits is imminmt, alld these are spedally subject to still 
furtleer cleallges, and thus these fragmental clusters come to possess by 
tlte 'very cin'umstmlces of their birth the sec011d cltaracteristic of comets, 
as well as the first. 

Whether they would possess at the same time,or come at 
length to possess, the third characteristic of comets, the attenu
ated matter of which cometic tails are made, is not so clear, 
since the nature of this matter and its condition are not yet fully 
known. The recent discoveries relative to the extreme ionization 
of matter and perhaps even its corpuscular dissociation, and the 
radio-activity of certain kinds of matter are at least very sugges
tive in this connection. Six of the elements reported by good 
authority as detected in meteorites, are known to possess, or to 
be habitually associated with, radio-active matter, viz., barium, 
bismuth, cerium, lead, titanium, and uranium. It is not very 
material here whether this radio-activity is really possessed by 
all these elements themselves, or simply by substances associated 
with them. 1£ the coma and tails of comets are dependent 
on rare substances of a radio-active or extremely volatile nature, 
and hence permanently retensible only in the interior of bodies, 
it would be difficult to imagine conditions more favorable for 
setting them free in unusual volume than minute tidal disruption; 
particularly is this true if the retention of these substances is 
dependent on low temperature, as seems to be the case, since 
they are brought forth and driven away at a highly accelerated 
rate as the sun is approached. This view seems also to be sup
ported by the fact that comets which remain long in the vicinity 
of the sun, as for example the short-period comets, lose their 
tails in a brief period. 

I f the attenuated cometic matter owes its essential peculiarities 
to electric states, these might perhaps be derivable from the 
revolutionary movements of the magnetic elements in the frag
mental swarm, for by the hypothesis of tidal disruption the 
swarm should inherit a rotatory movement, and the fragments 
should contain both magnetic and magnetizable matter, variously 
associated with diamagnetic matter. 
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That short-period comets are subject to progressive disinte
gration, and that their scattered elements constitute one class 
of meteorites, is familiar doctrine. There seems no reason for 
withholding the conce,ption from comets which have parabolic or 
hyperbolic orbits, for in certain cases such comets have shown 
signs of disruption and partial dispersion in their perihelion 
passages. To the dispersed elements of these comets of high 
velocity is assigned (in part at least) such meteorites as come to 
earth from diverse directions with velocities incompatible with 
an origin within the solar system . 

.It remains to consider whether the fragments derived from 
the disruption of an asteroid, satellite, or small planet through 
differential gravitative strain without collision, will satisfy the 
characteristics which meteorites display. Ample data for a judg
ment on this vital point will be found in the articles on the 
structure of meteorites in the first two numbers of the Journal 0/ 
Geology for the current year, by Dr. Farrington, who. at my 
request, has kindly brought together in succinct and systematic 
form the essential characteristics of meteoric structure. A study 
of these characteristics will show that, while they embrace a 
great and very significant variety, they are all referable to the 
structures that are appropriate to small planets, while it is diffi
cult to see how all of these characteristics can be found in deriva
tives from any of the alternative sources to which meteorites 
have been assigned, namely, volcanic action of the moon or of 
the planets, explosive projection from the sun, or individual 
aggregation in space. Some of the matter is fragmentary, imply
ing surface conditions, while some of it is coarsely crystalline, 
implying deep-seated conditions. Some is volatile and com
bustible, implying the absence of high temperature throughout 
its whole antecedent history, while some as distinctly implies 
the presence of high temperature. In some meteorites the iron 
is segregated, while in others it is disseminated. Frequent 
brecciated structures imply fracturing and recementation. Fault
illg and slickensides demonstrate movements attributable to the 
parent body, but not to the meteorite itself. Veins imply internal 
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ON A POSSIBLE FUNCTION OF DISRUPTIVE APPROACH 
IN THE FORMATION OF METEORITES, COMETS, 
AND NEBUL.tE.' " 

ACCORDING to a familiar doctrine founded on the researches 
of Roche, Maxwell, and others, a small body passing within a 
certain distance (the Roche limit) of a larger dense body will be 
torn into fragments by differential attraction. In reality, the 
doctrine is applicable to the close approach of any two bodies 
of sufficient mass and density, but, as this more familiar case of 
a small body in close approach to a larger body is the one sup
posed to be involved in the origin of comets and certain meteor
ites, it will at first be taken as representative, and the wider 
application of the doctrine will be considered later. 

The sphere defined by Roche's limit is computed on the 
basis of a liquid body whose cohesion is negligible, and whose 
self-gravitation alone is considered. It is obvious, therefore, 
that when cohesion is a notable factor, a small body might pass 
through the outermost part of this Roche sphere without suffer
ing disruption, but that, if a nearer approach were made to the 
large body, fragmentation might take place. There is, there
fore, a sphere within the Roche limit-which may be called the 

I I am greatly indebted to Dr. F. R. Moulton for suggestions and criticisms, and 
for formula: for certain auxiliary computations that do not appear in the paper. I 
am under obligations to Mr. C. E. Siebenthal for the diagrams and other aid. 

"From THE ASTROPHYSICAL JOURNAL, Vol. XIV, No. I, July 1901. 

Vol. IX, No. S. 369 
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elasticity of large hot bodies under great self-gravitative com
pression may so far aid in disruption, by cooperation with the 
differential gravity of an adjacent body, as to cause dispersion 
even before the Roche limit is reached. In the case of very 
large bodies that are already gaseous, such as the sun, this phe
nomenon gives rise to a special case of extreme interest. Under 
this special case, there arise a large variety of particular instances 
due to the varying sizes, velocities, paths, rotations, and consti
tutions of the couplets of stars concerned, and ~lso to the adven
titious effects of their secondaries; but, for a simple illustrative 
case, let it be assumed that two bodies of equal masses and 
equal velocities are approaching each other on parabolic paths, 
and that at periastron they will pass through each other's spheres 
of disruption, or rather, spheres of dispersion. For convenience, 
let if be assumed that one of these bodies (A, Fig. I) is gaseous, 
while the other (B) has already become so cold and solid as to 
act essentially as a unit, though disrupted. The history of the dis
persion of the gaseous body may then be followed alone. Let 
the rate of rotation of the gaseous body (A) be relatively low, 
as in the case of our sun. It may then be neglected in a general 
discussion, since as a dynamic factor it is trivial compared with 
the enormous energies of momentum and of elastic dispersion 
involved. This will appear clear in the outcome. Furthermore, 
the direction of rotation with reference to the parabolic paths 
might happen to be anyone of an indefinite number, in many of 
which the effect would be inconsequential, even if the energy 
were large. In the close approach of these two bodies the 
two great dynamic factors of special interest are (I) the 
tidal distortion, and (2) the elastic expansion of the gaseous 
body. 

While the two bodies are yet distant from each other, they 
must begin to take on elongation of the tidal type as the result 
of their mutual differential attraction, this elongation being aided 
by the high internal mobility and elasticity of the gaseous body. 
As the bodies approach periastron, this elongation must progress 
at an accelerated rate. At the moment of the entrance of the 
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gaseous body A upon the Roche sphere of the body B, self
gravitation, in accordance with Roche's doctrine, will have been 
completely neutralized on the lines joining the centers of A 
and B, and its restraining influence upon the elasticity of the 
gaseous body on these lines will have been removed, while the 
gravitative constraint in the transverse section will be increased. 
The expansive energy of the compressed gaseous matter will 
therefore be left to exert its full projectile force in the direction 
of the axis of elongation. While I am unable to offer a numeri
cal estimate of the magnitude of this expansional energy in such 
a body as the sun, it is certainly of a high order of magnitude. 
The speed at which prominences are projected from the sun 
under present conditions closely approximates to the parabolic 
velocity with respect to the sun, and this is accomplished in 
spite of gravitation and a resisting atmosphere. 

The case in hand, therefore, starts with simple tidal elonga
tion at a distance, and increases to an explosive maximum as the 
bodies approach periastron. This increase is at first gradual, but 
in the last stages of approach to periastron the acceleration is 
exceedingly rapid. In any attempt to follow the process in 
more detail, adhering to the recognized principles of tidal action, 
four particulars are of special moment: (I) the progressive elon
gation of the body, (2) the change in the direction of tidal dis
tortion, (3) the lag of the line of maximum elongation behind 
the line of maximum attraction, and (4) the rotatory effects 
arising from the gravitation of B on the tidal protuberances of A, 
which in this case will be peculiarly effective because of the 
enormous distortion of A and the very close proximity of B at 
the critical stages. The principles from which these effects arise 
are thoroughly demonstrated and are familiar to all students of 
tidal phenomena, and it is only their special applications to this 
CClse that need be discussed. The rotatory effects are a little 
peculiar in that both of the tidally acting bodies are rapidly 
approaching each other, and developing extraordinarily powerful 
differential attractions, while at the same time they are swinging 
about their common center of gravity. Near periastron they 

Digitized by Google 



T. C. CHAMBERLIN 

may be regarded as performing a semi-revolution about each 
other. By the terms of the special case in hand, this semi-revo
lution must be performed in a very few hours. During these 
few hours the gaseous body (A) is undergoing elongation at a 
rate not much less than that represented by its full explosive 

FIG. 1.-Diagram illustrating the elongating and rotatory effects of a solid 
stellar body, B, upon a gaseous sun, A, during their mutual approach to periastron. 
A'·', 3. 4.· 5 indicate successive positions, changes of form, and rotation of the gaseous 
star on its approach to periastron. B '. '. 3. 4. • 5 represent the successive positions of 
a solid body of equal mass and velocity which is assumed for convenience to remain 
intact. Position A' corresponds to B', A' to B', etc. The lines joining their cen
ters indicate the successive directions of mutual attraction. The arrows indicate 
direction of movement. 

competency. The rotational forces are diagrammatically illu~
trated in Fig. I, in which the lag is merely estimated and the 
distortion of A is simplified while that of B is neglected. 
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• I t is assumed that the lag of the axis of elongation of A is 
uch that the effective path of explosive projection will be 
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speed of the bodies A and B is so great-both being near the 
parabolic velocity with respect to the other-that the projected 
matter of A can only collide with B on the supposition that the 
velocity of projection at least equals the parabolic velocity of 
the body and acts instantaneously, the last of which is impossi-
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f A, which is d bodies tidal 
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ex raor mary conditions. e POlO, owever, is no I po 
here, for if the edge of the projected part of A collide with B, 
it will only intensify the rotatory effects under consideration, 
and such collision is contemplated as an essential feature of the 
next following case, but is excluded here as the effects of 
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he fall of ~ mass of A to 
mean distance of 200,000 miles from B's surface-the masses of 
A and B being each equal to that of the sun -such a fall for 
about two hours and a half would generate a momentum equal 
to the whole revolutionary and rotatory momentum of the pres
ent solar system. It would appear therefore, that under the 

stulated a rot ghly effective 
o the elongat will now app 
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the solar syst gible factor. 

The history of A then takes thiS form: (I) A very rapid 
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elongation in the hour or two preceding its entrance upon -the 
Roche sphere. (2) After entrance upon the Roche sphere, an 
explosive elongation actuated by the elastic energy then remain
ing in the body unrestrained by self-gravity in the axis of elon
gation. (A portion of the original elastic energy had been 
consumed in the previous elongation and a corresponding amount 
of momentum had been acquired, the larger component of which 
would be effective along the changed line of elongation.) (3) 
After passing out of the Roche sphere, the restraints of gravity 
begin again to be felt and rapidly increase as A and B retire 
from each other, but the distance to which the extremities of A 
have already been projected, and the new relations thereby 
assumed to the remaining mass of A, and to B, render the 
renewed gravitative influence far less effective than the original. 
and the projection must continue until the momentum acquired 
is overcome. (4) Coincident with this projection a constantly 
increasing rotation toward B has been generated, which possibly 
reached an effectiveness comparable to that of the solar system. 
The effects of explosive projection combined with concurretlt rotah·on 
must obviously give rise to a spiral 101m. 

It seems clear from the nature of the case that there would 
be a certain brief period when the climax of projective effects 
would be reached, and that a stream of material of much greater 
mass and velocity than at other instants would at this time be 
projected from the extremities of the elongated mass in both 
directions. There should therefore be two chief arms to the 
resulting spiral starting from the opposite points of the central 
mass and extending outward to the limits of the spiral-indeed 
constituting the most outlying portions of the spiral. These 
must be curved in a common direction by the rotation of the 
mass. Such predominant arms are notable features in the typi
cal spiral nebulre. They are well shown in Nos. I, 2, 3, 4, 5, an<~ 
6, Plate I, all of which are reproductions from photographs 
furnished by the late Professor Keeler. 

In the illustrative case that has just been discussed the solid 
body B was made to represent a convenient possible case but 
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approach, although it will not necessarily follow, because the 
planes may not coincide, and for other reasons, may result-if 
not at once, at least ultimately - as a consequence of the shift
ings and modifications which such a disturbed condition involves. 
For example, it is obvious that by a favorable conjunction with 
a passing system whose sun is distant from Neptune considerably 
more than the radius of his orbit, there may be an elongation of 
the orbit of Neptune so as to make it cut one or more of the 
inner orbits, and that further modifications may arise out of 
these relations which will either increase or decrease the eccen
tricity. The prilJciples applicable here are identical with those 
that have been found to produce radical modifications of the 
orbits of comets and that have been worked out by H. A. 
Newton and others. 

To embrace the full possibilities of the case, it is therefore 
necessary to consider (I) the effects of systems passing each 
other at distances varying from those in which the outermost 
planets do not even cut each other's orbits, down to center-on
center collisions, and (2) to take account of the ulterior effects 
of disturbed orbits, as well as the immediate effects. This last 
is a consideration of no small importance in the qualitative as 
well as the quantitative application of the doctrine, for it distrib
utes the effects over an indefinite period of time, and does not 
require their coincidence with the passage of the systems. The 
ulterior effects, so far as the disruption of secondaries is con
cerned, may apparently be much greater than the immediate 
effects. If this is not already clear, let a specific case be taken, 
as, for example, two solar systems passing each other so that 
their centers shall be 500,000,000 miles apart at nearest 
approach. If the planes of the systems are transverse to their 
paths, the ideal undisturbed orbits of the asteroids will touch, 
or closely approach, or slightly cut each other, as the individual 
case may be. The ideal orbits of the JUfJiters will fall but little 
short of the passing sun, while the ideal orbits of Saturn, Uranus, 
and Neptune will fall outside the passing sun. While the precise 
results of such an event cannot be computed, it is quite certain 
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that the secondary systems of the two suns will be most pro
foundly disturbed and the symmetrical and harmonious relations 
of the planetary orbits be utterly broken up. While even in this 
case the immediate contingency of a disruptive approach of one 
secondary to another may not be high, there will arise a 
perpetuated series of contingencies, the' consequences of which will 
apparently be immeasurably greater than those immediately inci
dent to the disturbing action, and the end of this perpetuated 
series of contingencies can scarcely be foreseen. Assuming that 
the great planets will exercise the same kind of influence over the 
small planets and asteroids that pass near them that Jupiter does 
over comets, the range of possible contingencies involves, on the 
one hand, closer and closer approaches and even collisions with 
the Sun and with other planets. and, on the other hand, the devel
opment of extremely elliptical orbits that will carry the small 
bodies into the sphere of influence of some other system. How 
large a proportion of these theoretical possibilities will be rea
lized in a given disturbed system, it is impossible to determine, 
for the problem is far beyond the power of mathematical analysis, 
but it seems at least probable that results of moment may 
ensue. 

1£ we may judge from the solar system, the small bodies may 
be assumed to be at least fifty times as numerous as the large 
ones. while not improbably they are a hundred.or several hundred 
times as numerous. Other things being equal, they should show 
the characteristic effects of the action under discussion with 
correspondingly greater frequency. But the other conditions 
intensify these effects. A small body may be disrupted by a 
large one, but not necessarily the reverse. So, too, a small body 
may be thrown into an erratic orbit, while the orbit of the large 
body may not be sensibly affected, as shown by the changes in 
the orbits of comets caused by Jupiter. By far the most common 
effect of the close approach of two star systems should therefore 
be the fragmentation of the small bodies by being caused to 
pass within the spheres of disruption of the large bodies. As 
previously indicated, tIle contingency of acquiring at the same time 
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That short-period comets are subject to progressive disinte
gration, and that their scattered elements constitute one class 
of meteorites, is familiar doctrine. There seems no reason for 
withholding the conce,ption from comets which have parabolic or 
hyperbolic orbits, for in certain cases such comets have shown 
signs of disruption and partial dispersion in their perihelion 
passages. To the dispersed elements of these comets of high 
velocity is assigned (in part at least) such meteorites as come to 
earth from diverse directions with velocities incompatible with 
an origin within the solar system . 

.It remains to consider whether the fragments derived from 
the disruption of an asteroid, satellite, or small planet through 
differential gravitative strain without collision, will satisfy the 
characteristics which meteorites display. Ample data for a judg
ment on this vital point will be found in the articles on the 
structure of meteorites in the first two numbers of the Journal 0/ 
Geology for the current year, by Dr. Farrington, who. at my 
request, has kindly brought together in succinct and systematic 
form the essential characteristics of meteoric structure. A study 
of these characteristics will show that, while they embrace a 
great and very significant variety, they are all referable to the 
structures that are appropriate to small planets, while it is diffi
cult to see how all of these characteristics can be found in deriva
tives from any of the alternative sources to which meteorites 
have been assigned, namely, volcanic action of the moon or of 
the planets, explosive projection from the sun, or individual 
aggregation in space. Some of the matter is fragmentary, imply
ing surface conditions, while some of it is coarsely crystalline, 
implying deep-seated conditions. Some is volatile and com
bustible, implying the absence of high temperature throughout 
its whole antecedent history, while some as distinctly implies 
the presence of high temperature. In some meteorites the iron 
is segregated, while in others it is disseminated. Frequent 
brecciated structures imply fracturing and recementation. Fault
ing and slickensides demonstrate movements attributable to the 
parent body, but not to the meteorite itself. Veins imply internal 
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transfer and redeposit of molecules. The absence of the oxida
tion of the iron accords with internal conditions, and also with 
the supposed absence of atmospheres from small planets, 
asteroids, and satellites. I n short, every feature of the meteor
ites, save, of course, the external effects of fragmen.tation and 
of heating during their fall through the atmosphere, is assignable 
to small planetary bodies riven into fragments without great 
heat and, by reason of this, retaining the varied structure attained 
in the parent body. 

As previously indicated, the disruption of a body like the 
earth, the main mass of which has a temperature much above 
the melting point of its substances at low pressures, and which 
is greatly compressed within by self-gravity, would doubtless 
cause it to burst forth into a luminous body with perhaps some 
dispersive violence. The progressive stages of distortion which 
take origin in simple tidal protuberances and grow to greater 
and greater degrees of deformation and crustal fissuring, until 
the final stage of disruption is reached, could scarcely fail to 
bring some parts of the ocean into contact with some parts of 
the heated interior, with inevitable Krakatoan consequences. 
Fragments of the crust under these conditions might possibly 
give origin to meteorites, but the probabilities of such fragments 
being projected beyond the 640,000 miles of the earth's domi
nant influence, or beyond the similar spheres of influence of 
other massive planets, would not seem to be great; and, if real
ized, the fragments would doubtless be reduced to dust, as in 
the case of the Krakatoan explosion, and this state of minute 
division would exclude such meteorites from recognition except 
as vanishing shooting shrs. The probabilities are that the 
matter of a disrupted earth or a similar massive planet would 
be again assembled into a planetary body by its strong self
gravity. The phenomenon would therefore be that of a tempo
rary star. Assuming considerable dispersion, it might be rather 
brilliant for a time, but would rapidly cool as the result uf such 
dispersion, and soon sink into invisibility. In the case of such 
a body as Jupiter, accepting current doctrine as to his nature, the 
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initial brilliancy must be much greater and the cooling to invisi
bility much more prolonged.' To phenomena of this class may 
perhaps be tentatively assigned certain of the temporary stars. 
Obviously these can only be such as had no prior visibility, and 
such as sink sooner or later again into invisibility. Whether 
this invisibility were due to the superficial cooling of the nucleus, 
or merely to a deep enshrouding of cooled vapor, would be 
immaterial. 

It has already been indicated that a possible result of the 
serious disturbance of one solar system by the near transit of 
another would be a fall of some of the disturbed planets upon 
one of the suns. This also might be an ulterior rather than 
an immediate result, through the modifying effects of other 
planets, as well as the direct effects of the primary disturb
ance. Such a fall must be presumed to give rise to a notable 
increase of heat in the central body, as well as to mechanical 
effects, both of which would be conditioned by the mass and 
velocity of the secondary. An outburst of greater or less bril
liancy must be presumed to be the result. The mechanical 
effects upon the sun would probably involve great changes in 
temporary density and condition, as well as outshoots of hot 
gases in various directions at high velocities. The effects might 
thus coincide with the phenomena of that class of the temporary 
stars in which a luminous state precedes and follows the out
burst, and in which varying densities or high velocities in 
opposite directions seem to attend the temporary brilliant 
stage. 

The disruption of suns has been neglected thus far. While, 
under the terms of the hypothesis, the disruption of these 
bodies must be rarer events than the fragmentation of the 
more numerous small bodies, the results must be correspond
ingly more important, by reason of their magnitude and char
acter. 

It has already been observed, in passing, that the internal 

I Such a body as /upitu might perhaps, under proper conditions, be dispersed 
in the same manner as a sun as sketched beyond. 
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elasticity of large hot bodies under great self-gravitative com
pression may so far aid in disruption, by cooperation with the 
differential gravity of an adjacent body, as to cause dispersion 
even before the Roche limit is reached. In the case of very 
large bodies that are already gaseous, such as the sun, this phe
nomenon gives rise to a special case of extreme interest. Under 
this special case, there arise a large variety of particular instances 
due to the varying sizes, velocities, paths, rotations, and consti
tutions of the couplets of stars concerned, and ~lso to the adven
titious effects of their secondaries; but, for a simple illustrative 
case, let it be assumed that two bodies of equal masses and 
equal velocities are approaching each other on parabolic paths, 
and that at periastron they will pass through each other's spheres 
of disruption, or rather, spheres of dispersion. For convenience, 
let if be assumed that one of these bodies (A, Fig. I) is gaseous, 
while the other (B) has already become so cold and solid as to 
act essentially as a unit, though disrupted. The history of the dis
persion of the gaseous body may then be followed alone. Let 
the rate of rotation of the gaseous body (A) be relatively low, 
as in the case of our sun. It may then be neglected in a general 
discussion, since as a dynamic factor it is trivial compared with 
the enormous energies of momentum and of elastic dispersion 
involved. This will appear clear in the outcome. Furthermore, 
the direction of rotation with reference to the parabolic paths 
might happen to be anyone of an indefinite number, in many of 
which the effect would be inconsequential, even if the energy 
were large. In the close approach of these two bodies the 
two great dynamic factors of special interest are (I) the 
tidal distortion, and (2) the elastic expansion of the gaseous 
body. 

While the two bodies are yet distant from each other, they 
must begin to take on elongation of the tidal type as the result 
of their mutual differential attraction, this elongation being aided 
by the high internal mobility and elasticity of the gaseous body. 
As the bodies approach periastron, this elongation must progress 
at an accelerated rate. At the moment of the entrance of the 
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gaseous body A upon the Roche sphere of the body B, self
gravitation, in accordance with Roche's doctrine, will have been 
completely neutralized on the lines joining the centers of A 
and B, and its restraining influence upon the elasticity of the 
gaseous body on these lines will have been removed, while the 
gravitative constraint in the transverse section will be increased. 
The expansive energy of the compressed gaseous matter will 
therefore be left to exert its full projectile force in the direction 
of the axis of elongation. While I am unable to offer a numeri
cal estimate of the magnitude of this expansional energy in such 
a body as the sun, it is certainly of a high order of magnitude. 
The speed at which prominences are projected from the sun 
under present conditions closely approximates to the parabolic 
velocity with respect to the sun, and this is accomplished in 
spite of gravitation and a resisting atmosphere. 

The case in hand, therefore, starts with simple tidal elonga
tion at a distance, and increases to an explosive maximum as the 
bodies approach periastron. This increase is at first gradual, but 
in the last stages of approach to periastron the acceleration is 
exceedingly rapid. In any attempt to follow the process in 
more detail, adhering to the recognized principles of tidal action, 
four particulars are of special moment: (I) the progressive elon
gation of the body, (2) the change in the direction of tidal dis
tortion, (3) the lag of the line of maximum elongation behind 
the line of maximum attraction, and (4) the rotatory effects 
arising from the gravitation of B on the tidal protuberances of A, 
which in this case will be peculiarly effective because of the 
enormous distortion of A and the very close proximity of B at 
the critical stages. The principles from which these effects arise 
are thoroughly demonstrated and are familiar to all students of 
tidal phenomena, and it is only their special applications to this 
Cllse that need be discussed. The rotatory effects are a little 
peculiar in that both of the tidally acting bodies are rapidly 
approaching each other, and developing extraordinarily powerful 
differential attractions, while at the same time they are swinging 
about their common center of gravity. Near periastron they 
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may be regarded as performing a semi-revolution about each 
other. By the terms of the special case in hand, this semi-revo
lution must be performed in a very few hours. During these 
few hours the gaseous body (A) is undergoing elongation at a 
rate not much less than that represented by its full explosive 

FIG. 1.- Diagram illustrating the elongating and rotatory effects of a solid 
stellar body, D, upon a gaseous sun, A, during their mutual approach to periastron. 
A',', 3. 4.· 5 indicate successive positions, changes of form, and rotation of the gaseous 
star on its approach to periastron. D', '. 3. 4.· 5 represent the successive positions of 
a solid body of equal mass and velocity which is assumed for convenience to remain 
intact. Position A' corresponds to D', A' to D', etc. The lines joining their cen
ters indicate the successive directions of mutual attraction. The arrows indicate 
direction of movement. 

competency. The rotational forces are diagrammatically illu!!
trated in Fig. I, in which the lag is merely estimated and the 
distortion of A is simplified while that of B is neglected. 
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• It is assumed that the lag of the axis of elongation of A is 
uch that the effective path of explosive projection will be 

directed to the rear of B. It must be noticed that if the center 
of A passes through the outer part of the Roche sphere of B, the 
nearest edge of A, if undistorted, would pass within two or three 
hundred thousand miles of B, and hence that the projective 
elongation of A must pass critically near B; but the relative 
speed of the bodies A and B is so great-both being near the 
parabolic velocity with respect to the other- that the projected 
matter of A can only collide with B on the supposition that the 
velocity of projection at least equals the parabolic velocity of 
the body and acts instantaneously, the last of which is impossi
ble. This is based on the assumption that the transverse com
ponent of the attraction of B prevents the elongation of the 
minor axis of A, which is true of liquid bodies tidally affected, 
but might perhaps break down in a gaseous body under these 
extraordinary conditions. The point, however, is not important 
here, for if the edge of the projected part of A collide with B, 
it will only intensify the rotatory effects under consideration, 
and such collision is contemplated as an essential feature of the 
next following case, but is excluded here as the effects of 
opproach without collision is the special theme under discussion. 

The very close approach of the elongated extremity of A to 
B obviously gives great effectiveness to the rotatory influence of 
B's attraction upon it. If the amount of this attraction be rep
resented by the fall of nfITo part of the mass of A toward B at a 
mean distance of 200,000 miles from B's surface-the masses of 
A and B being each equal to that of the sun-such a fall for 
about two hours and a half would generate a momentum equal 
to the whole revolutionary and rotatory momentum of the pres
ent solar system. It would appear, therefore, that under the 
conditions postulated a rotation of a highly effective kind must 
be imparted to the elongated body. It will now appear that the 
previous rotatory energy of the sun, which is only about 2 per 
cent. that of the solar system, is a negligible factor. 

The history of A then takes this form: (I) A very rapid 
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nickel present. In hardness and tenacity the nickel-iron of differ
ent meteorites varies greatly. That of some meteorites is harder 
than steel, that of others softer than wrought iron. That of 
some meteorites is so brittle as to break in pieces with a blow of 
the hammer, that of others so malleable that it can be worked 
into implements of various shapes. Nickel-iron is strongly mag
netic and some iron meteorites exhibit polarity due perhaps to 
induction of the magnetism of the earth. The specific gravity 
of nickel-iron ranges between 7.6 and 7.9. It is dissolved at 
ordinary temperatures by the common acids, by solutions of 
copper sulphate, by copper chloride, by mercuric chloride, by 
bromine water, by copper ammonium chloride, and by a few 
other reagents. Some masses of nickel-iron when placed in 
neutral solutions of copper sulphate reduce the latter, while 
others do not. The former are known, according to the terms 
first used by Wohler, as active, the latter as passive irons. 
Nickel-iron oxidizes rapidly when exposed to the atmosphere, 
the rapidity decreasing, however, with increase in the percentage 
of nickel. In regard to the manner of occurrence of the nickel
iron it may be noted that in the iron meteorites it forms a com
pact mass except in so far as it is interrupted by inclusions of 
other minerals. In the iron-stone meteorites all gradations 
occur from a continuous network to isolated grains. In the 
stone meteorites it is present in the latter form. A more or 
less lineal arrangement of these grains, recalling Widmanstatten 
figures, is often observed in the stone meteorites. When the 
substance occurs in grains, whether large or small, the shape of 
these is usually very uneven, being sometimes more or less 
rounded but generally irregularly branching. Sometimes regular 
forms such as cubes and octahedrons may be observed. In the 
Ochansk meteorite, von Siemaschko obsp.rved actual crystals 
made up of a combination of the cube, octahedron, dodecahedron, 
and a tetrahexahedron. Other cuboidal forms have been 
observed. The two or possibly three subordinate alloys (kama
cite, taenite, and plessite) of which nickel-iron is composed have 
been described in a previous article and their composition given. 
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Ckrysolite.-This is, next to nickel-iron, the chief mineral 
constituent of meteorites. It is found in all the iron-stone and 
nearly all the stone meteorites and makes up a large part of 
their mass. It occurs as crystals and as rounded and angular 
grains. In the group of iron-stone meteorites known as palla
sites it is porphyritically developed in the nickel-iron; in other 
iron-stone meteorites it forms together with pyroxene a granular 
aggregate filling the meshes of a network of nickel-iron. In the 
chondritic meteorites the manner of its occurrence has already 
been described. Crystals occurring in cavities or isolated by 
dissolving adjacent nickel-iron lend themselves readily to gonio
metric measurement. A total of twenty forms, similar to those 
found on terrestrial chrysolite has thus been identified. The 
color of the mineral is usually the typical olive-green of terres
trial chrysolite but may vary to honey-yellow or red. Much of 
the meteoritic chrysolite is characterized by an abundance of 
opaque inclusions often regularly arranged. Intergrowths with 
a colorless to dark brown glass are also common, especially in 
the chrysolite of chondritic meteorites. Gas pores are rare. 
Alteration products so common to terrestrial chrysolite are 
entirely lacking. Much of the chrysolite shows a strong ten
dency to fissuring, especially in thin sections. Well-marked 
cleavage is not common. Numerous analyses of mechanically 
separated chrysolite show a composition similar to that of the 
terrestrial mineral. The percentage of Fe in th~se analyses shows 
variations from about 10 per cent. to about 30 per cent. One 
feature of the composition of meteoric chrysolite which seems 
at first difficult to account for, is an almost entire lack of nickel 
oxide. This, as is well known, is a very constant constituent of 
terrestrial chrysolite. Daubrt!e has shown, however, that an 
absence of nickel from meteoritic chrysolite should be expected, 
since nickel has less affinity for oxygen than iron and would not 
be attacked until the latter was completely oxidized. While ter
restrial iron has been completely oxidized that of meteorites has 
not. The correctness of this explanation has further been shown 
experimentally by fusing terrestrial chrysolite with pyroxene in 
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the presence of a reducing agent. The nickel of the chryso
lite then formed an alloy with the iron of the pyroxene. The 
siliceous portion of meteorites that is soluble in hydrochloric 
acid may for the most part be considered chrysolite, since 
numerous analyses of this portion give results corresponding in 
composition to this mineral. 

Orthorhombic pyroxenes.-The minerals of this group are next 
in abundance to chrysolite as a constituent of meteorites. They 
form an essential part of nearly all stone meteorites and are not 
lacking in the iron-stone meteorites. At least four meteorites 
consist of orthorhombic pyroxenes alone. These are the meteor
ite of Bishopville, practically composed of enstatite alone, and 
those of Manegaon, Ibbenbuhren and Shalka, which consist 
essentially of hypersthene. The color of the orthorhombic 
pyroxenes varies from colorless through white to various shades 
of green. Often the mineral has the typical color of chryso
lite. In thin section the pyroxene is colorless to slightly 
colored. Its habit is usually prismatic but it may also occur 
as rounded grains. Crystais with well defined planes have 
been observed in the Breitenbach, Bustee, Manegaon and other 
meteorites. A total of thirty-two forms has thus been identi
fied and the axial relations found to correspond with those of 
terrestrial hypersthene. Prismatic, macrodiagonal and brachy
diagonal cleavages are recognizable. It is especially character
istic of the mineral to form eccentric, radiating, polysomatic 
chondri, the structure of which has been described in a previous 
article. 

Numerous chemical analyses of mechanically separated ortho
rhombic pyroxenes have been made. These show all grada
tions between the compositions represented by the formulas 
MgSiOs (enstatite) (Mg, Fe) SiO s (bronzite) and (Fe, Mg) 
SiO s (hypersthene). The portion insoluble in acids, of meteor
ites consisting essentially of nickel-iron, chrysolite and ortho
rhombic pyroxenes, may be considered to be essentially the 
latter, as shown by numerous analyses which give results cor
responding with the pyroxene formula. The orthorhombic 
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pyroxenes of meteorites are thus seen to be entirely compar
able to the terrestrial minerals of the same name. 

Monoclinic pyroxenes.- Two kinds of monoclinic pyroxenes 
have been identified in meteorites. the first. bearing iron and 
alumina, the second free from alumina and nearly free from 
iron. The first may be considered similar to terrestrial augite, 
the second to terrestrial diopside. Augite has been identified 
in many meteorites, diopside positively only in one. Crystals 
of meteoritic augite have been measured goniometrically and 
eight forms similar to those of terrestrial augite found. As a 
rule, however, the augite occurs as grains or splinters. It varies 
from brown to green in color, in some meteorites is pleochroic 
in thin section in others not at all. Parting parallel to the base, 
owing to repeated twinning, is common and characteristic. It 
is sometimes regularly intergrown with orthorhombic pyroxene. 
Inclusions of glass and black dust are common. Pyroxene 
resembling diopside was identified by Maskelyne in the Bustee 
meteorite. It occurred ill grains and splinters and was of a gray 
to violet color. A few goniometric measurements were possible. 
Analysis showed the composition to be that of a calcium
magnesium pyroxene. Crystals and grains from a few other 
meteorites may perhaps be referred to diopside but the determi
nation is not certain. 

Plagioclase.-Of the minerals of the feldspar group, anorthite 
may be mentioned as forming an essential constituent of the 
classes of stone meteorites known as eukrites and howardites 
and as occurring in others. It forms according to Rammelsberg 
about 35 per cent. of the stones of Juvinas and Stannern. Of 
the other members of the plagioclase series, albite, oligoclase 
and labradorite have been reported in single meteorites, but in 
most cases where plagioclase has been found the species has not 
been determined. Orthoclase has not yet been identified in any 
meteorite. Crystals of anthortite from the Jonzac meteorite 
reach a length of I cm • From the druses of the Juvinas meteor
ite anorthite crystals were obtained which served for goniomet
ric measurement, eight forms being thus identified. Some 

Digitized by Google 



400 STUDIES FOR STUDENTS 

anorthite crystals show twinning according to the Carlsbad law 
and in the Llano del Inca and Dona Inez meteorites twins 
according to the albite and pericline laws were found. The 
mineral is sometimes white and sometimes colorless and in luster 
varies from dull to vitreous. Inclusions nearly always abound 
and they are generally regularly arranged. The inclusions are 
chiefly colorless glass, but sometimes brownish glass and opaque 
grains occur. Analyses of mechanically isolated anorthite have 
been made which show a composition similar to that of terres
trial anorthite. CaO amounts to about 18 per cent. in these 
analyses. 

Calculating from analyses Tschermak concludes the feldspar 
of the stone of Gopalpur to be oligoclase, Lindstrom that of 
Hessle to be the l>ame and Schilling that of Tennasilm to be 
labradorite. The presence of plagioclase other than anorthite 
has been proved by microscopical and chemical examination 
of other meteorites, but the species have rarely been deter
mined. Such feldspars occur as lath-shaped individuals and 
as grains and splinters. Inclusions are much less common 
than in anorthite. Rounded, elongated inclusions referred by 
Tschermak to chrysolite and bronzite are, however, quite char
acteristic. Gas inclusions seem to be more abundant in the 
feldspars of meteorites than in any other constituent, though 
even here they are rare. 

Maskelynite.- This is an isotropic, colorless, though becoming 
milky through alteration, transparent mineral of vitreous luster 
and conchoidal fracture. Its hardness is somewhat over 6; 
specific gravity 2.65. It has no cleavage but shows occasional 
irregular cracks and strire similar to those of plagioclase. Inclu
sions of magnetite and augite are ar·ranged in apparent zones. 
The mineral is slightly decomposed by hydrochloric acid. Thin 
splinters fuse, but with difficulty. Lath-shaped individuals with 
rectangular outlines occur, but in most meteorites the mineral is 
present as minute grains. It forms 22 ~ per cent. of the 
meteorite of Shergotty, the remainder of the meteorite being 
augite and magnt"tite. It is also an accessory constitutent in 
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the meteorites of Chateau Renard, Alfianello, Milena, Mocs, and 
others. Its composition is about that of labradorite. Tschermak 
regards the mineral as a fused feldspar, while Groth and Brezina 
consider it a distinct species allied to leucite. Its straight, 
sharply defined outlines, the existence of strire, and the absence 
of any fused appearance make Tschermak's view difficult to 
accept, though the mineral resembles the feldspars in so many 
other respects. 

Included gaJes.-All meteorites which have so far been tested 
give off on heating one or more of the following gases: H ydro
gen, carbon monoxide, carbon dioxide, nitrogen, and marsh gas. 
Comparing the iron meteorites with the stone meteorites in 
regard to the kind of gases given off it is found that the former 
are characterized by a high content of H and CO, the latter by 
an excess of COli' The following table of analyses of gases 
from eight iron and six stone meteorites, quoted from Cohen, 
gives an idea of the relative quantity of each gas: 

H co co, N CH. 

Iron meteorites 63.09 20.70 8.12 7.52 0.57 
Stone meteorites 17.55 4.15 71.66 2.20 4.17 

The volumes of the gases obtained vary from 0.97 of a volume 
given off from the iron of Shingle Springs to 47.13 volumes col
lected from the Magura iron. The average number of volumes 
obtained from the meteorites quoted in the above table is 2.82. 
The gases in meteorites appear therefore to be under a somewhat 
greater pressure than that of the earth's atmosphere. It has often 
been urged that the gases obtained from meteorites by the meth
ods above mentioned may have been absorbed from our own atmos
phere. It is known on the one hand that terrestrial rocks give off on 
treatment gases very similar in kind and quantity to those obtained 
from meteorites. Thus Wright obtained from one ordinary trap 
rock * of a volume of gas, 13 per cent. of which was COil and 
the remainder chiefly hydrogen, and from another, one volume 
of gas containing 24 per cent. COli and the remainder chiefly 
hydrogen. Tilden has also recently shown that" the crystalline 
rocks of the surface of the earth contain very notable quantities 
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of gas, consisting of hydrogen in preponderance, carbon dioxide, 
and carbon monoxide in large percentage, and nitrogen and 
marsh gas in small quantities, with water vapor, but with a prac
tical absence of oxygen. Twenty-five analyses including ancient 
and modern volcanic and even some metamorphic rocks gave an 
average volume of gas equal to about four and one half times 
the volumes of the containing rocks." J . Further, it is urged that 
no meteorites have been analyzed as to their gases immediately 
after their fall. In contrast to these facts it should be noted 
that the Homestead meteorite was analyzed for gases by Wright 
within three months from the time of its fall. A second analy
sis was made a year later in order to test the influence of the 
earth's atmosphere upon the stone. It was found that very little 
change had taken place except a slight loss of carbonic acid. 

• Ansdell and Dewar in testing the gases of the Pultusk and Mocs 
meteorites chose stones of those falls which were completely 
incrusted so that the chances of absorption of gases from the 
earth's atmosphere might be reduced to a minimum. Yet the 
results obtained accorded well with those from other meteoric 
stones and for Pultusk the percentages were remarkably like 
those derived by Wright in a previous and independent examina
tion of stones of the same fall. There seems, therefore, good 
reason to believe that the gases obtained from meteorites are 
brought with them from space and that they have not been 
derived from the earth's atmosphere. 

How the gases are held by the meteorites is uncertain. 
Wright was inclined to believe that the pores occasionally noted 
in the silicates of meteorites indicated cavities where the gas 
was held. Such pores are of too rare occurrence, however, to 
meet the demands of the problem. The phenomenon seems 
more like the occlusion of hydrogen by platinum or zinc, and 
the gases are probably held partly in the intermolecular spaces 
and partly chemically united. Travers, however, regards them 
as produced by heat from the non-gaseous elements of the 

'T. C. CHAMBERLIN: JOUR. GEOL., Vol. VII, P.558. Quoted from Chemical 
News, April 9, 1897. 
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meteorites.' The magnetic and nonmagnetic or, in other words, 
the metallic and stony portions of the' Homestead meteorite 
were tested separately by Wright in order to determine whether 
these different portions exercised any selective action in holding 
gases. The investigation gave the following results: 

Volumes H CO+CO, N 

Entire stone ......... I.!!7 50·93 48.07 1.00 
Magnetic portion, 0.51 .... } 1.48 ~ 59.38 38 .72 1.90 
Non-magnetic portion, 0.97. 30.96 66·96 2.08 

The results show no important differences in the gases held 
by the different portions. By way of caution, attention should 
be called to the fact that the gases in meteorites may not have 
been originally present in the form and quantities which the 
analyses indicate. Thus Wright in making his analyses found 
call rapidly reduced to CO through contact with heated iron. 
Likewise, H, CO, and iron may at a moderate heat reduce the 
iron oxide present in many meteorites, and thus the character of 
each be changed. The percentages of the different gases obtained 
by analyses may be, therefore, more indicative than absolute. 

Cohen calls attention to the fact that from artificial irons 
may be obtained gases corresponding both qualitatively and 
quantitatively to those obtained from meteoric irons. The fol
lowing list of analyses illustrates this. 

H co co, N 

----
White. carbonaceous cast iron .......... 74.07 16.76 3·59 5·5!! 
:Mild steel .•.................•........ 52.6 24·3 16.55 6.5 
Ordinary gray massive charcoal iron .... 38.60 49. 20 12.20 
Gray coke iron ....... _ .... _ ... _ ..... _. 3'·70 57.90 8.40 
Steel .•........•.. , ........ ••••• 0 •••• 22.27 63.65 2.27 I 1.36 

Finally it should be noted that, according to the investiga
tions of Vogel, Wright, and Lockyer, the spectra of the gases 
obtained from meteorites show remarkable resemblances to the 
spectra of comets. 

I Proc. Roy. Soc., Vo\. LXIV, pp. 130-142. 
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Iron sulphide.-Troilite-pyrrkotite.-The exact form and com
position of the iron sulphide which is a common ingredient in 
meteorites is a question not yet satisfactorily answered. For 
convenience, Rose's assumption that the iron sulphide ot iron 
meteorites is troilite, that of stone meteorites pyrrhotite, is 
usually followed, but there are many occurrences which do not 
harmonize with this view. 

The iron sulphide known as troilite is usually found massive, 
though crystals have been observed which have been referred by 
Brezina to the hexagonal and by Linck to the isometric system. 
The color varies from bronze-yellow to tom back-brown. Streak 
black. Hardness, 4. Specific gravity, 4.68-4.82. Generally 
found to be non-magnetic, although magnetic troilite has been 
reported. Cohen suggests that the magnetism may be due to 
included nickel-iron. The mineral fuses in the reducing flame 
to a black, magnetic globule. Decomposed by hydrochloric 
acid with evolution of hydrogen sulphide, but without separation 
of sulphur. Not affected by copper sulphate or fuming nitric 
acid. These reagents may be used, therefore, for its separation. 

Most analyses show a composition approximating very 
closely to FeS. Meunier, however, obtained results more 
nearly in accord with the formula Fell SIll' As this is the com
position of pyrrhotite he regards the two as identical. The 
specific gravities which he obtained, however, correspond to 
those observed by others for troilite, and there seems therefore, 
some reason to doubt the correctness of his analysis. 

Troilite is almost universally present in the iron meteorites. 
It may be very unequally distributed in a single mass, however, 
being abundant in some portions and lacking in others. It 
usually occurs in the form of nodules, but also as plates and 
lamellae. The nodules vary greatly in shape and size. Rounded 
and oval forms are common, as are also lens and dumb-bell 
shapes. In Carlton a star-like form occurs. Smith separated 
from the Cosby's Creek iron a nodule weighing 200 grams, 
while one from the Magura iron measured I3cm in diameter. 
When troilite occurs as lamellae, these are often regularly 
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arranged parallel to the planes of a cube. Lamellae having this 
arrangement are known as Reichenbach lamellae. Individual 

this sort av 0.I-0.2mm in 
n length. ayers of ka 
have formed e. Troilite 0 

ith schreiber hite, and thes 
It also often kel-iron. 

The fusion and dissipation of troilite nodules during the pas
sage of a meteorite through the atmosphere is a cause of the 
depressions often to be observed on the surface of both iron and 
stone meteorites. • 

sulphide of teorites occu 
times as plat times in vein 
d in a previo Iso occurs in 
ing their peri at other time 
s. Crystals ses of the J uv 

ite measured by Rose proved to be hexagonal and to have forms 
similar to those of terrestrial pyrrhotite. It is largely on account 
of these observations that the iron sulphide of stone meteorites 
is considered to be pyrrhotite. On the other hand, the iron 
sulphide of stone meteorites differs from pyrrhotite· in being, 

t part, non:' d in giving 
mposition w· ric acid. F 
w a compo ponding to 

c re ersite.-This minera , pecu lar to meteorites (I I S pos
sible occurrence in the terrestrial iron of Greenland be excepted) 
is also one of their most remarkable constituenfs, since it gives 
proof that the meteorites in which it occurs could not have 
been exposed for any long time to the action of free oxygen. 

is a phosphi ickel, and co 
formula (Fe, though the r 
the metals v ormal color i 

readily alte yellow or st 
the air. Ha pecific gravi 

Strongly magnetic, and when magnetized retains its magnetism 

yGoogle 



STUDIES FOR STUDENTS 

for a long time. Very brittle, being thus distinguished from 
taenite, with which it is often confounded. Another property 
which distinguishes it from taenite and from cohenite is that it 
is insoluble in copper-ammonium chloride. It is soluble i~ 

ordinary dilute acids and in acetic acid. Does not reduce cop
per from a copper sulphate solution. Easily fusible before the 
blowpipe to a magnetic globule. It occurs as crystals, flakes, 
foliae, grains, and as needles. In the latter form it was long 
regarded a separate mineral, and was known under the name 
of rhabdite, but the. identity of rhabdite and schreibersite has 
been proved by Cohen. The needles and plates often exhibit 
angular outlines. Individual masses of the mineral often reach 
a considerable size, one from the Carlton iron being 14 em. in 
length. The mineral also forms a considerable portion of the 
mass of some meteorites, such as Bella Roca, Primitiva, and 
Tombigbee River. It is the most widely distributed constituent 
of iron meteorites, aside from nickel iron, and is believed to be 
usually associated with the latter mineral in the stone meteorites, 
though its quantity is so small that it has not often been deter
mined. The small percentage of phosphorus usually found in 
the analysis of stone meteorites is generally referred to this 
mineral. Schreibersite has been reported in the terrestrial iron 
of Greenland, but its presence is not proved. Phosphides 
similar to schreibersite have been made in several ways arti
ficially. The process followed has been essentially to heat iron 
to a high temperature together with a phosphorus-bearing 
compound. 

Grapkite.-This substance occurs in grains of sufficient size 
for ready examination only in the meteoric irons. In these it 
is usually in the form of nodules but sometimes occurs in plates 
or grains. The nodules often reach considerable size. One 
nodule taken from the Cosby's Creek iron is as large as an 
ordinary pear and weighs 92 grams. Even larger ones were 
found in the Magura iron. Toluca, Cranbourne, Chulafinnee and 
Mazapil are other irons which contain considerable graphite. 
Graphite has been estimated to form 1.17 per cent. of the mass of 
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Magura and 0.8 per cent. of the Cosby's Creek iron. The mineral 
is usually associated with iron sulphide. With this it may be 
intimately intergrown or the one may enclose the other. Its 
texture is compact rather than foliated. Smith found that the 
meteoric graphite oxidized much more rapidly than terrestrial 
graphite on treatment with nitric acid and chlorate of potash. 
This feature distinguishes it from the amorphous carbon separated 
from cast iron. The meteoritic graphite IS also very pure. 
Although occurring in nodules of the size described, which must 
have segregated from the surrounding mass, the ash amounted, 
in an analysis made by Smith, to only I per cent. By ether was 
extracted a small quantity of a substance made up of sulphur and 
a hydro-carbon, which constituted the only other impurity. 
Emphasizing the differences between meteoritic and terrestrial 
graphite Smith was inclined to believe that the graphite of 
meteorites must have been formed by the action of bi-sulphide 
of carbon upon incandescent iron rather than that it was analo
gous in its origin to terrestrial graphite. Ansdell and Dewar, 
however, concluded from elaborate comparisons of meteoric and 
terrestrial graphite that they were similar in origin, and were 
formed by the action of water, gases and other agents on 
metal carbides. Whatever its mode of formation the occur
rence of graphite in meteorites is of geological interest as 
proving that graphite may be formed in nature without the 
agency of life. 

Conenite.-This is a carbide of iron, nickel and cobalt. It 
has been positively identified in only a few meteorites but is 
doubtless of common occurrence. Its formula is (Fe, Ni, Co) 3 

C. The mineral is of metallic luster and tin-white color, though 
readily tarnishing to bronze-yellow. Hardness, 5.5-6. Specific 
gravity, 7.23-7.24. Strongly magnetic; very brittle. Insoluble 
in dilute hydrochloric acid and decomposed by concentrated 
hydrochloric acid only with difficulty. Easily soluble in copper
ammonium chloride. It occurs as isolated crystals on which 
several forms of the isometric system have been noted; also as 
grains. Elongated crystals, reaching a length of 8 mm are 
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nickel present. In hardness and tenacity the nickel-iron of differ
ent meteorites varies greatly. That of some meteorites is harder 
than steel, that of others softer than wrought iron. That of 
some meteorites is so brittle as to break in pieces with a blow of 
the hammer, that of others so malleable that it can be worked 
into implements of various shapes. Nickel-iron is strongly mag
netic and some iron meteorites exhibit polarity due perhaps to 
induction of the magnetism of the earth. The specific gravity 
of nickel-iron ranges between 7.6 and 7.9. It is dissolved at 
ordinary temperatures by the common acids, by solutions of 
copper sulphate, by copper chloride, by mercuric chloride, by 
bromine water, by copper ammonium chloride, and by a few 
other reagents. Some masses of nickel-iron when placed in 
neutral solutions of copper sulphate reduce the latter, while 
others do not. The former .are known, according to the terms 
first used by Wohler, as active, the latter as passive irons. 
Nickel-iron oxidizes rapidly when exposed to the atmosphere, 
the rapidity decreasing, however, with increase in the percentage 
of nickel. In regard to the manner of occurrence of the nickel
iron it may be noted that in the iron meteorites it forms a com
pact mass except in so far as it is interrupted by inclusions of 
other minerals. In the iron-stone meteorites all gradations 
occur from a continuous network to isolated grains. In the 
stone meteorites it is present in the latter form. A more or 
less lineal arrangement of these grains, recalling Widmanstatten 
figures, is often observed in the stone meteorites. When the 
substance occurs in grains, whether large or small, the shape of 
these is usually very uneven, being sometimes more or less 
rounded but generally irregularly branching. Sometimes regular 
forms such as cubes and octahedrons may be observed. In the 
Ochansk meteorite, von Siemaschko obsp.rved actual crystals 
made up of a combination of the cube, octahedron, dodecahedron, 
and a tetrahexahedron. Other cuboidal forms have been 
observed. The two or possibly three subordinate alloys (kama
cite, taenite, and plessite) of which nickel-iron is composed have 
been described in a previous article and their composition given. 
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Ckrysolite.-This is, next to nickel-iron, the chief mineral 
constituent of meteorites. It is found in all the iron-stone and 
nearly all the stone meteorites and makes up a large part of 
their mass. It occurs as crystals and as rounded and angular 
grains. In the group of iron-stone meteorites known as palla
sites it is porphyritically developed in the nickel-iron; in other 
iron-stone meteorites it forms together with pyroxene a granular 
aggregate filling the meshes of a network of nickel-iron. In the 
chondritic meteorites the manner of its occurrence has already 
been described. Crystals occurring in cavities or isolated by 
dissolving adjacent nickel-iron lend themselves readily to gonio
metric measurement. A total of twenty forms, similar to those 
found on terrestrial chrysolite has thus been identified. The 
color of the mineral is usually the typical olive-green of terres
trial chrysolite but may vary to honey-yellow or red. Much of 
the meteoritic chrysolite is characterized by an abundance of 
opaque inclusions often regularly arranged. Intergrowths with 
a colorless to dark brown glass are also common, especially in 
the chrysolite of chondritic meteorites. Gas pores are rare· 
Alteration products so common to terrestrial chrysolite are 
entirely lacking. Much of the chrysolite shows a strong ten
dency to fissuring, especially in thin sections. Well-marked 
cleavage is not common. Numerous analyses of mechanically 
separated chrysolite show a composition simil.ar to that of the 
terrestrial mineral. The percentage of Fe in these analyses shows 
variations from about 10 per cent. to about 30 per cent. One 
feature of the composition of meteoric chrysolite which seems 
at first difficult to account for, is an almost entire lack of nickel 
oxide. This, as is well known, is a very constant constituent of 
terrestrial chrysolite. Daubree has shown, however, that an 
absence of nickel from meteoritic chrysolite should be expected, 
since nickel has less affinity for oxygen than iron and would not 
be attacked until the latter was completely oxidized. While ter
restrial iron has been completely oxidized that of meteorites has 
not. The correctness of this explanation has further been shown 
experimentally by fusing terrestrial chrysolite with pyroxene in 
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kindly placed at his disposal, and has recently been published 
under the auspices of the state survey. 

THICKNESS 

The strata covering Allegany county have a thickness vary
ing from about 13,300 to 16,000 feet. This thickness is divided 
between the four geological systems represented in the county 
in the following manner: Silurian, from 2200 to 2400 feet; 
Devonian, 7875 to 10,200 feet; Carbonifer~)Us, 2825 to 3000 

feet, and Permian (?), about 400 feet. 

SILURIAN STRATA 

Juniata formation.-The oldest rocks outcropping in Allegany 
county belong in this formation, and are shown in only one 
locality. This outcrop forms the lower part of the cliffs in the 
gorge known as .. the Narrows" just northwest of Cumberland, 
where Wills Creek has cut a deep and narrow trench through Wills 
Mountain. This gorge presents an admirable example of a narrow 
transverse valley where a stream has cut through a mountain 
ridge, and this locality has a justly deserved reputation for great 
natural beauty. The upper 370 feet of the formation is well 
shown on the northern side of the creek; but in many places in 
the gorge it is concealed for the most part by heavy talus of white 
quartzite blocks from the cliff. above. In the Narrows 550 feet 
of the Juniata are shown, but no fossils have been found at this 
locality. The formation is composed of alternating beds of deep 
red shales and sandstones which have no regularity of succes
sion, but show a much greater total thickness of shales than 
sandstones. The sandstones are hard, fine-grained, cross
bedded, and micaceous, some of the strata a foot or more in 
thickness, but usually less than six inches. The shales are 
micaceous, weathering readily, and the beds vary from an inch 
to six feet or more in thickness. This formation was named 
from the Juniata River, Pa., though in the earlier reports of that 
state it was termed the Medina or Levant red sandstone (No. 
IVb). It probably represents the older part of the Medina 
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stage of New York near the base of the Upper Silurian, which, 
in western New York, is composed mainly of red shales. 

Tuscarora formation.-This quartzitic sandstone, which rests 
conformably upon the Juniata formation, and forms the beautiful 
fiat-topped arch of Wills Mountain is admirably shown on its west
ern side, especially at the entrance to the Narrows, and in the upper 
part of the high massive cliffs bordering the gorge. It also forms 
the greater part of the exposed rocks in Evitt's and Tussey's 
mountains and two small areas along the Baltimore and Ohio 
Railroad near Potomac Station. The formation is a white to 
light gray, very hard quartzose sandstone composed of fairly 
coarse quartz grains cemented by siliceous material. Small 
pebbles of quartz and also those of yellowish-green hard clay 
occasionally occur. The layers are frequently very massive and 
cross-bedded structure is not infrequent. Its thickness varies 
from 250 to 300 feet, and it furnishes building stone and ballast. 
Arthrophycus harlani, a sea-weed, the only fossil found in this 
sandstone in the county is fairly common on the upper surfaces 
of the higher beds in the Narrows. 

The Tuscarora formation. named from Tuscarora Mountain in 
Pennsylvania, was formerly called the Medina or Levant white 
sandstone (No. IVc), and represents the upper part of the 
Medina stage of New Yo"rk. The Juniata and Tuscarora forma
tions are probably equivalent to the Medina formation of New 
York, but in western New York, where it is typically represented, 
especially in the Niagara region, there is not such a definite sepa
ration into a lower divison composed of red shales and sand
stones and an upper one composed of a white quartzose 
sandstone as in Maryland. In the Niagara region the Medina 
is composed of the following divisions named in ascending 
order: Lower Medina, composed of red shales only about the 
upper 115 feet of which is exposed in outcrop. Upper Medina, 
composed of seven zones: (I) 25 feet of gray quartzose sand
stone; (2) 25 feet of thin gray shales; (3) five feet of gray 
sandstones and sandy shales; (4) 6 feet of mainly gray argilla
ceous shales which become reddish at the top; (5) 35 to 40 feet 
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of mainly thin-bedded sandstone reddish in color or gray mot
tled with red; (6) 12 to I 5 feet of massive sandstone in beds 
from one to several feet in thickness and varying in color from 
reddish to grayish; (7) at the top 7'" feet of a hard massive
bedded and compact white quartzose sandstone similar to No. I. 
In some thin sandstones In the upper part of No.6 occurs the 
characteristic Medina fossil known as Artleropleycus learlani (Con
rad)! 

Clinton formation.-The largest area of this formation flanks 
both sides of Wills Mountain extending to the Potomac River, 
while two other areas flank the southern ends of Evitt's and 
Tussey's mountains. The formation is composed largely of 
yellowish-green to reddish shales, but on weathering, the flat 
surfaces frequently have a scarlet tint. There are blackish 
shales and thin fossiliferous limestones in its upper part as well 
as a greenish-gray to reddish sandstone. The most important 
lithologic character of the formation, however, is the two beds 
of iron ore, the lower qccurring from 120 to 160 feet above its 
base and consisting of two strata of iron ore separated by a band 
of greenish-yellow shales from 6 inches to 6 feet thick. The 
two ore-bearing strata have a thickness of from 10 to 12 feet. 
At Cumberland the upper bed of iron ore is 270 feet above the 
lower one, in the midst of a brownish, calcareous sandstone, 
nearly 3 feet thick which is directly above a massive 5-foot 
sandstone stratum. There are 9 inches of quite clear, fossilifer
ous iron ore and the overlying greenish shales and thin bands of 
bluish limestone also contain fossils. The thickness of the for
mation varies from 550 to 600 feet. Fossils are common in the 
middle and upper portions, some of the species being identical 
with those of the New York Clinton. The name is derived from 
the exposures at Clinton, Oneida county, N. Y., where the beds 
of iron ore have been mined for many years, and the stage is 
identical with No. Va of the Pennsylvania survey which is 

I For an excellent account of the Medina formation along the Niagara River, see 
Bull. N. Y. State Museum, No. 45,1901, pp. 87-95 and accompanying geological map 
by Dr. Amadeus W. Grabau. 
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called the Rockwood formation in the Piedmont folio of the U. 
S. Geological Survey. 

Niagara formation.-This formation surrounds the three areas 
mentioned under the Clinton formation.. The lower part con
sists of thin-bedded, blue limestones with thin shale partings; 
but in the upper· part the shales predominate and become black
ish in color. The thickness varies from less than 250 to fully 
300 feet. The thin limestones contain brachiopods and other 
fossils, some of which are specifically identical with the Niagara 
fossils. The formation is named fror:n the admirable exposures 
at Niagara Falls and represents No. Vb of the Pennsylvania sur
vey and the lower part of the Lewistown formation of the Pied
mont folio. The revised classification of the New York series by 
Messrs. Clarke and Schuchert, however, drops the Niagara 
formation or group and returns to the earlier classification 
of Rochester shale, Lockport limestone, and Guelph dolo
mite.' 

There has been more or less uncertainty regarding the iden
tification of the Niagara limestone south of N ew York; but 
recently Dr. Weller has conclusively shown that the Decker 
Ferry formation of western New Jersey and eastern Pennsyl
vania is of the same age" as the Rochest~r shale and Lockport 
limestone of Clarke and Schuchert, or as the Niagara formation 
of most authors."· A small collection of fossils from the beds 
near Cumberland was submitted to Dr. Weller who kindly exam
ined them and wrote that his impression is that they are the 
same as the Decker Ferry formation, and in New Jersey there 
are sufficient authentic Niagaran species to definitely refer the 
formation to the Niagaran. In conclusion he stated that" I 
should think you would be fully justified in considering the 
Cumberland fauna as of Niagaran age."3 Mr. Schuchert has 
studied these beds in the field as well as their fossils and he posi
tively correlates them with the Niagara. His statement is that 

I Science. N. S .• Vol. X, 1899, p. 876. 

"Geol. Surv. N. J., Ann. RepL for 1899-1900, p. 18, and also see p. 20. 

3 Letter of May 29. 190I. 

Digitized by Google 



CHARLES S. PROSSER 

.. there are beds at Cumberland, Md., holding a fauna of the age 
between the Lockport [Rochester?] shale and the GUelph of 
New York and Ontario. This fauna has its peculiarities, but the 
aspect is certainly not Clinton.'" 

SaJi"a formation.-this formation borders the Niagara but the 
rocks are largely concealed over most of the areas except along 
Wills Creek in Cumberland, Flintstone Creek at Flintstone, and 
the Baltimore and Ohio Railroad near Potomac Station, where 
one finds the best exposure. In the Potomac section there are 
four cement beds which have great economic value, the lowest 
one situated about twenty-five feet above the base of the forma
tion. Fifty feet of the succeeding 140 feet of the formation is 
composed of the four cement beds which are separated by shales 
and impure limestones. Succeeding the upper cement bed are 
450 feet or more of gray shales, drab and blue limestones 
and sandstone, the limestones predominating.2 The thickness is 
about 700 feet.· Fossils are not common. The formation was 
named from Salina in central New York and is represented by 
No, Vt: of the Pennsylvania survey and the second part of the 
Lewistown formation of the Piedmont folio. 

The statement has been made that .. the geological reader 
will wonder on what basis the name Salina is applied to the rocks 
so described" in Maryland.3 It is perhaps sufficient to state 
that Professor Lesley, the former state geologist of Penns), 1-
vania and admirable stratigraphical geologist, correlated the 
corresponding rocks of Pennsylvania with the Salina. In Bed
ford county, Pennsylvania, which lies immediately north of the 
Cumberland region, Professor Lesley gave the upper and middle 
divisions of the Salina as 628 feet in thickness to which is to be 
added a portion of the 472 feet composing the lower Salina 

I Letter of June 26, 1901. 

2 Mr. Schuchert has recently studied this fonnation in the Cumberland region and 
he writes me as follows: .. I am inclined to cut out of the Salina the lower 23' 6· as 
given on p. 93 of O'Harra's report (Maryland Geological Survey, Allegany county). 
This thickness I now refer to the rest of the Niagara. I also extend the Salina a 
little higher, making the total thickness 704'.n (Letter of June 26, 1901.) 

3 Am. Jour. Sci., 4th ser., Vol. Xl, p. ::40, 1901. 
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which included the Niagara beds at its bottom.' 
also fully concurs in correlating these Maryland 
Salina. 

ONIAN STRATA 

Mr. Schuchert 
beds with the 

Helderberg The largest a by this for-
nation is in art of the c it enters to 
the north of F then runs i anner back 
and forth until it leaves the county on the western side of Evitt's 
Mountain. Another area follows Shriver Ridge and passes 
through western Cumberland across the county. A third area 
enters in the eastern part of Wills Creek valley and runs across 
the county, kee in west of Wills Mou ta·n t Potomac Sta-
tion; and, fin outhwest is th rea, beween 
Rawlings an he best loc udying this 
formation are Backbone, no umberland ; 
the cliff on th nia side at C d the Balti-
more and OhIO Railroad cut near Potomac StatIOn. The lower 
400 feet of the formation is composed of fairly thin-bedded 
bluish-gr~y limestones, separate pieces of which have a metaHic 
ring when sharply hit. The more shaly layers contain fossils 
among which are Tentaculites gyracantkus and SpinIer vanuxemi, 
characteristic he Tentaculit New York 
with which th related. 

Messrs. C uchert in th lassification 
revived Vanu aphical nam s limestone 
for the pale ne of Tenta one.3 The 
Maryland zone was put in the Helderbergian instead of the 
Cayugan period because, as clearly stated by Dr. O'Harra, "the 
lithological break between it and the Salina is very marked and 
can be foHowed in the field . . . . while there is no lithological 
break betwee h T lite and Low s subforma-
tions, and th mapping pu t be made 
here."· 

I Summary D ennsylvania, Vol. 

• The Geolog ryland has follow Mr. Schuchert 
ID referring the Helderbergian period to the Devonian system. 

3 Science, N. S., Vol. X, pp. 876, 877, 1899. 4 Allegany county, p. 96. 
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Higher in the formation are massive darker blue limestones, 
about 240 feet in thickness according to Schuchert or from 50 
to 150 feet as given in Rowe's report, some of the layers of 
which contain numerous specimens of Pentamerus (Sieberella) 
galeatus. This zone probably represents the Lower Pentamerus 
limestone of New York, of which the above fossil is a character
istic species. 

In place of the paleontological name Lower Pentamerus 
limestone, Messrs. Clarke and Schuchert proposed Coeymans 
limestone.' 

In the upper fifty feet or more of the limestones are frequent 
specimens of Spiriler mocropleurus characteristic of the Delthyris 
shaly limestone of New York, with which this zone is correlated. 
In New York this division of the Helderberg consists of cal
careous shales and shaly limestones with some beds a foot or 
more in thickness, but in Maryland it is composed mainly of 
fairly massive limestone. With the exception of the Lower 
Pentamerus, all the Helderberg limestones are more massive in 
Maryland than in New York. In place of the term Catskill or 

-Delthyris shaly limestone Messrs. Clarke and Schuchert pro-
posed the geographic name of New Scotland beds." 

The Becraft limestone, which caps the Helderberg limestone 
of New York, is apparently not represented in Allegany county, 
although some eighty-five feet of it occurs farther east in 
Washington county, Md. 

The thickness of the foundation varies from 750 to 900 feet, 
and fossils are common in some of the layers. The limestones 
are valuable for quicklime, ballast, road-metal, and building 
purposes. The formation is named from the lower limestones 
of the Helderberg Mountains in eastern New York, and is the 
equivalent of No. VI of the Pennsylvania survey, and the upper 
part of the Lewistown formation of the Piedmont folio. 

Oriskany santistolle.-The easternmost area of Oriskany sand
stone is that of Stratford Ridge, to the northeast of Oldtown-; 
then follows that of the central part of the county bordering 

• Science, N. 5., Vol. X, pp. 876,877. • Ibid., pp. 876, 877-
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the zigzag Helderberg area; . then, in order named, that crossing 
the county along the eastern side of Shriver Ridge; the narrow 
band extending across the county to the west of the Helderberg 
area west of Wills Mountain; to the southwest the band on the 
western side of Fort Hill, and, lastly, the area extending from 
the Twenty-first Bridge to Monster Rock at Keyser. 

FIG. I.-Devil's Backbone, near Cumberland, showing Helderberg limestone in 
the steeper part and Oriskany sandstone in the farther railroad cut. 

The lower part of the formation is mainly a bluish-black 
cherty limestone, 75 to 100 feet in thickness, the chert in 
nodules and layers, with some dark gray arenaceous shales; and 
the remainder of the formation is mostly a sandstone, fre
quently calcareous, and varying in color from gray to white, 
about 250 feet in thickness. Toward the top there are a few 
bands varying from grit to conglomerate. The sandstone, on 
account of its calcareous cement, weathers readily to a friable 
brownish or buff, porous rock, which, when protected from 
erosion eventually forms beds of sand. Its thickness varies 
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from 325 to 350 feet. It furnishes railroad ballast and good 
glass sand. Fossils occur abundantly in zones varying in thick-

inch to seve e most perfe 
ined from the d from the d 
frequently fr -of sand in 
ck. Spirit" other comm 
n in New Yo ant, together 

which are restricted to its southern distribution. There are 
numerous springs along the contact of the Helderberg and the 
Oriskany sandstone. The formation is named from outcrops 
near Oriskany Falls, in central New York; is known as No. VII 
in Penns lvania; and is the Monterev sandstone of the Piedmont 

onnation.- T 
of Iron Ore 

enters the c 
ast of Flints 

s a large ar , north, and 
town, then alternates with the Oriskany areas in the southern 
central part of the county, llnd finally crosses in a V-shaped 
area-the eastern arm west of Nicholas Mountain, the point 
along Evitt's Creek, and the western arm passing through the 
eastern part of Cumberland. The western area enters the county 

crosses it to c River, and 
the bend in eyser, W. Va 

nsition from sandsone t 
Romney is v s may be se 
the contact ast of the ch 

Williams Road, two and one half miles southeast of Cumberland, 
and at Monster Rock on the W. Va. Central Railroad, near 
Keyser, W. Va. The lower part of the formation is composed 
of thin black shales, weathering to a rusty brown, in which are 

b d of bluish-gr '1' about ISO fe 
portion of t is well show 
just north 0 -first Bridge 

hio Railroad. shales conta 
us limitaris an fossils, and in 

characters agree with Marcellus shale of New York or No. 
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VI lIb of Pennsylvania, which they represent. The higher rocks 
are drab and bluish argillaceous to arenaceous shales and thin 
sandstones, which usually weather to an olive or yellowish-gray 
tint. At certain localities they are very fossiliferous, contain
ing numerous specimens of Spiri!er granulosus, S. mucronatus, 
Athyris spiriferoides, Tropidoleptus carinatus, Chonetes cor01Ulta, 
Phacops rana and other characteristic species of the Hamilton 
formation of New York, the fauna amounting to about 150 

species. The formation, which varies in thickness from 1600 to 
1650 feet, is named from the exposures near Romney, in north
eastern West Virginia, and represents the Marcellus shale and 
Hamilton beds of New York, and No. VIIIb and c of Pennsyl
vania. 

In 1842 Emmons proposed the name Erie group for all the 
New York rocks between the base of the Marcellus shales and 
the top of the Chemung.' Mr. Darton, in 1892, proposed and 
defined the Romney shales, named from exposures in the vicinity 
of Romney, Hampshire county, in northeastern West Virginia,
which are now known to be equivalent to the Marcellus shales 
and Hamilton beds of New York. Messrs. Clarke and Schu
chert, in 1899, used the term Erian in their revised classification 
of the New York series for the group composed of the Marcellus 
shales and Hamilton beds, and stated that it represented the 
.. Erie Division OJ revived with a restricted meaning.l 

It appears that the Romney formation is equivalent to the 
Erian group of New York; but the writer is undecided as to 
which name the laws of nomenclature entitle to recognition in 
Maryland. 

Jennings !orma!ion.-The eastern area crosses the eastern 
part of the county from the northeast to the southwest; the 
second area lit;s to the west of Green Ridge, and in its northern 
half covers a large district to the north and east of the Romney 
formation; the third covers the lower part of Evitt's Creek 
valley between the two arms of the V-shaped Romney area, and 

• Geology, New York, Pt. II, pp. 100, 429. 

• Am. Geologist, Vol. X, pp. 17, 18. 3 Science, N. 5., Vol. X, pp. 876, 877. 

Digitized by Google 



420 CHARLES S. PROSSER 

the fourth one is the broad band covering the lower part of the 
eastern face of Alleghany Front and extending from the Penn
sylvania line southwesterly to the Potomac River above Keyser, 
W. Va. The lower part of the formation composed of thin, 
black, argillaceous shales in which a few species, such as Buckiola 
sp(ciosa, Lunulicardium fragile, and Styliolina fissurella are com
mon, immediately succeeds beds containing characteristic Ham
ilton fossils, and is well shown on Flintstone Creek, a few rods 
above its mouth, opposite the old Flintstone tannery; by the 
side of the National Road three miles northeast of Cumberland 
to the west of Evitt's Creek at Folks Mill, and on the Williams 
road east of Cumberland. This subformation corresponds in 
lithologic character and stratigraphic position to the Genesee 
shale of New York and No. VIlle of Pennsylvania. 

Following this are olive to bluish fine argillaceous shales 
alternating with thin bedded sandstones. A few fossils occur 
in the more bluish layers. This division of the Jennings corre
sponds to the Portage formation of New York, or that facies 
named the Naples beds by Dr. Clarke, and No. VIIIf of Penn
sylvania. Dr. J. M. Clarke, who has described the Jennings 
fauna for the Maryland Geological Survey, writes me that the 
fauna of these two lower divisions of the Jennings formation" is 
very distinctly that of the Naples subprovince;" and he states 
that the lower division is considered" as an integral part of the 
Naples beds, bearing the Naples fauna." I 

Succeeding the Portage are greenish arenaceous shales 
weathering to a buff color alternating with thin micaceous sand
stones. Occasional layers are fossiliferous and the character
istic Chemung species, Spirifer disjunctus, is not uncommon. The 
lithological appearance of this part of the formation is quite 
similar to that of a considerable part of the Chemung in south
western New York. Higher the sandstones predominate, and 
these vary in color from yellowish-gray through brownish-gray 
to dark red, and vary in texture from sandstone and grits to a 
white pebble conglomerate. Some of these sandstones are quite 

• Letter of June 19, 1901. 
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massive, and in Jennings Run about one and one half miles 
above Corrigansville, a zone of grit and sandstone is thirty-five 
feet thick. The red rocks increase above this horizon, but 
Chemung fossils including Spiriftr disjltnctus extend some 650 
feet higher, and the line between the Jennings and Hampshire 

FIG. 2.-Heavy sandstone and conglomerate beds in the upper pari of the Jen
DiDgS formation, as shown by the roadside above Corriganville. 

formations has been drawn at the top of this fauna. The forma
tion is between 3800 and 4000 feet in thickness. The upper 
part of the Jennings may be correlated with the Chemung of 
New York or No. VIIIg of Pennsylvania. 

Ramps/tire !ormatioll.-This formation crosses the extreme 
eastern part of the county from the northeast to the southwest; 
the next area, which is the largest, flanks each side of Town Hill 
and crosses the county in the same general direction; while the 
third extends along the middle part of the eastern face of 
Alleghany Front. The rocks consist mainly of an alternation 
of red, flaggy, and massive sandstones and arenaceous or 
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argillaceous shales which both laterally and vertically merge 
gradually into each other and in the upper part of the formation 
shales, some of which are gray, and some brown in color, 
predominate. Some of the sandstones are crossbedded, and in 
the lower part of the formation, massive. The thickness varies 
from 1900 to 2000 feet. Fossils occur very infrequently. The 
formation is named from Hampshire county in northeastern 
West Virginia, a considerable area of which is underlain by it, 
and it represents at least part of the Catskill formation of New 
York, or No. IX of Pennsylvania. 

CARBONIFEROUS STRATA 

Pocono sandstone-The most eastern area of this formation, 
which forms the upper part of Town Hill, is mainly a massive 
conglomerate, while in the western area, extending across the 

. county from Pennsylvania to West Virginia along the eastern 
face of Alleghany Front, the lower part of the formation is a 
coarse-grained, grayish-green, micaceous sandstone. Near the 
middle are shales containing fragments of plants, and the upper 
part is a grayish-green or reddish-green, micaceous, Baggy sand
stone with some interbedded shales of various colors. Some of 
the layers are cross· bedded and others are conglomeratic. The 
thickness varies from 400 to 450 feet, and fragments of plants 
are the ~nly fossils noted with the exception of a few shells 
apparently from this formation which were found nine miles 
northeast of Oakland, Garrett county. The formation is named 
from Pocono plateau in northeastern Pennsylvania, and is No. 
X of the Pennsylvania reports. 

Greenbrier limestone.-This formation crosses the county as a 
narrow band along the eastern face of the Alleghany Front from 
Pennsylvania to West Virginia. The best exposures are in Jen
nings Run above the railroad water-tank; and on the north bank 
of the Potomac River below the mouth of Stony Run, as well as 
in the lower part of the run, two miles below Westernport. The 
lower part of the formation is composed largely of bluish-gray, 
arenaceous limestone, the middle of red and olive shal'es and the 
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upper part of massive bluish-gray limestones and calcareous 
shales. The limestone is valuable for road-metal and in Garrett 
county is quarried and burned to a considerable extent for quick
lime which is used as a fertilizer. The thickness varies from 
200 to 250 feet and the upper part is quite fossiliferous. The 

FIG. 3.-Greenbrier limestone on western bank of Y oughiogheny River, south
west of Oakland, Md. 

formation is named from Greenbrier county in southeastern 
West Virginia where it reaches a thickness of 1000 feet or more. 

Mauch Chunk formation.- This, like the preceding formation, 
crosses the county along the eastern face of Alleghany Front 
but the band is broader, covering the upper part of the mountain 
slope. The rocks are mainly red arenaceous and argillaceous 
shales and sandstones, but a little above the middle of the forma
tion is about 100 feet of reddish thin-bedded standstones. At 
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the top of the formation, as shown in the Cumberland and 
Pennsylvania R. R. cut east of Barrelville, is a greenish zone five 
feet thick composed partly of sandstone and partly of a calcare· 
ous breccia containing clay pebbles. The thickness of the for· 
mation is 650 feet. In the lower part of the shales and along 
the Greenbrier-Mauch Chunk contact are numerous excellent 
springs. The formation is named from Mauch Chunk in eastern 
Pennsylvania and is the Canaan formation of the Piedmont folio. 
The Greenbrier limestone and Mauch Chunk shales taken 
together are known as No. XI of the Pennsylvania reports. 

'Pottsville /0171Ultion.- The preceding three formations are 
usually grouped together as the sub·Carboniferous or Lower 
Carboniferous, and the Pottsville is classed as the oldest of the 
Carboniferous proper or Upper Carboniferous formations. It 
crosses the county from Pennsylvania to the Potomac, in general 
forming the crest line of Alleghany Front although in the north
ern part it is lower, and extends up the Potomac valley to above 
Westernport. At numerous places near the crest line of Alle
ghany Front it forms conspicuous cliffs. It also occurs at the 
northwestern corner of the county. The formation is composed 
of massive light gray sandstones with some conglomerate strata 
and thin-bedded gray sandstones and shales. Some of the 
shales are black and there are several thin beds of coal. The 
most important are first, the Bloomington, which is exposed along 
the Baltimore and Ohio Railroad west of Piedmont, W. Va., 
commonly known as the Railroad seam, varying in thickness 
from less than two to more than three feet and occurring about 
ISO feet below the top of the formation. The second is the 
Westernport seam about two feet thick which occurs below the 
Homewood sandstone near the top of the formation. Some of 
the sandstones are suitable for building stone. The thickness is 
estimated as between 450 and 500 feet and there are fragments 
of fossil plants. The formation is named from the exposures of 
massive conglomerate in the vicinity of Pottsville in eastern 
Pennsylvania. It is the Blackwater formation of the Piedmont 
folio and No. XII of the Pennsylvania reports. 
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formation. From 225 to 230 feet above the Thomas coal and base 
of the formation and about 400 feet below the Elkgarden coal}s a 
coal seam with a general thickness of four feet, but varying from 
three to nearly five feet, named the Barton .(Four-foot) coal, 
and worked to a considerable extent in the vicinity of that town. 
A thin seam nearly one foot thick in outcrop occurs about 440 

feet above the Thomas coal or 220 feet below the Elkgarden, 
while approximately 500 feet above the Thomas coal and ISO 

feet below the Elkgarden coal is a zone composed of alternating 
shales and impure coal, varying in thickness from seven to ten 
feet, known locally as the "Dirty Nine-foot" and called the 
.. Franklin" coal. In the Lonaconing section, thirteen feet 
below the base of the Franklin coal are nearly three feet of coal 
and black, thin shale. There are also two or three impure lime
stone strata and some irregular beds of iron ore. The forma
tion is clearly defined by the top of the Thomas coal at the 
base and the base of the Ellcgarden (Pittsburg) coal at the top, 
the thickness varying from 600 to nearly 640 feet. A few 
invertebrate fossils have been found, principally on the bank of 
George's Creek at Barton, and fossil plants in the black shales. 

The Conemaugh formation was named from. the Conemaugh 
River in western Pennsylvania, is frequently called the Lower 
Barren-measures, is No. XIV of the Pennsylvania reports, is the 
upper part of th~ Bayard and Fairfax formation of the Piedmont 
folio, and the Elk River series of West Virginia. 

M01lQ1lgake/a formalion.-This formation, south of an east and 
west line passing through Little Alleghany, covers the larger 
part of George's Creek valley as far south as Ocean and most of 
the area west to the county line. To the north of Little Alle
ghany, two high hills are capped by it. From Ocean to Lona
coning the upper part of the steep hills bounding the George's 
Creek valley are in the Monongahela, which also caps most of 
the highest hills as far south as Hampshire to the northeast of 
Westernport. The rocks consist largely of light gray to black 
shales with some grayish sandstones which form occasional 
massive strata. There are also several dark colored limestones, 
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(Clarion) coal with a thickness of two feet which was reported 
by the miners to reach 4~ feet. At Westernport nearly 100 

feet above the base is an impure coal, called the" Split six-foot" 
by the miners, showing a thickness of 4 feet, and 130 feet above 
the base is the most valuable coal seam of this formation, the 
.. Davis" (Lower Kittanning), commonly known as the .. Six
foot," with a thickness of about 5 feet in the lower George's 
Creek valley. Nearly 170 feet above the Davis seam is the 
.. Thomas" (Upper Freeport) coal, which forms the top of the 
formation, and from its general thickness in the George's Creek 
valley is known as the .. Three-foot" seam. Fossil shells have 
been found in the black or bluish shales at a few localities. The 
thickness of the formation is about 300 feet. It is named from 
the exposures on the Allegheny River in western Pennsylvania, 
is very generally called the Lower Productive-measures, is No. 
XIII of the Pennsylvania survey and includes the Savage forma
tion and lower part of the Bayard of the Piedmont folio. 

Conemaugh formatum.-The area south of the Pennsylvania 
line to a parallel line passing through Little Alleghany and to 
the west of the foot of the western slope of Little Alleghany 
and Piney mountains is largely covered by this formation. Then 
it extends parallel to Dan's Mountain, to the southwestern part 
of the county and covers a large portion of the steep slopes of 
the hills bordering the lower George's Creek valley, continuing 
up the valley to Ocean. It also appears in the upper part of a 
number of the small valleys along the western border of the 
county. The lower part of the formation, representing the 
Mahoning sandstone, is frequently a massive gray sandstone with 
bands of yellowish shales reaching a thickness of about 100 

feet. In the upper part of this sandstone, about eighty-five feet 
above the Thomas coal, is a coal seam about two feet in thick
ness underlain by a stratum of fire clay. The succeeding rocks 
are grayish to brownish sandstones and yellowish to gray and 
black arenaceous and arigillaceous shales with beds of coal and 
fire clay. In some of the localities there are quite massive gray 
to brownish-gray sandstones near the middle and top of the 
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formation. From 225 to 230 feet above the Thomas coal and base 
of the formation and about 400 feet below the Elkgarden coal.is a 
coal seam with a general thickness of four feet, but varying from 
three to nearly five feet, named the Barton (Four-foot) coal, 
and worked to a considerable extent in the vicinity of that town. 
A thin seam nearly one foot thick in outcrop occurs about 440 

feet above the Thomas coal or 220 feet below the Elkgarden, 
while approximately 500 feet above the Thomas coal and ISO 

feet below the Elkgarden coal is a zone composed of alternating 
shales and impure coal, varying in thickness from seven to ten 
feet, known locally as the II Dirty Nine-foot" and called the 
II Franklin" coal. In the Lonaconing section, thirteen feet 
below the base of the Franklin coal are nearly three feet of coal 
and black, thin shale. There are also two or three impure lime
stone strata and some irregular beds of iron ore. The forma
tion is clearly defined by the top of the Thomas coal at the 
base and the base of the Ellcgarden (Pittsburg) coal at the top, 
the thickness varying from 600 to nearly 640 feet. A few 
invertebrate fossils have been found, principally on the bank of 
George's Creek at Barton, and fossil plants in the black shales. 

The Conemaugh formation was named from. the Conemaugh 
River in western Pennsylvania, is frequently called the Lower 
Barren-measures, is No. XIV of the Pennsylvania reports, is the 
upper part of the Bayard and Fairfax formation of the Piedmont 
folio, and the Elk River series of West Virginia. 

Monongaltela fonnotion.-This formation, south of an east and 
west line passing through Little Alleghany, covers the larger 
part of George's Creek valley as far south as Ocean and most of 
the area west to the county line. To the north of Little Alle
ghany, two high hills are capped by it. From Ocean to Lona
coning the upper part of the steep hills bounding the George's 
Creek valley are in the Monongahela, which also caps most of 
the highest hills as far south as Hampshire to the northeast of 
Westernport. The rocks consist largely of light gray to black 
shales with some grayish sandstones which form occasional 
massive strata. There are also several dark colored limestones, 
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bands of iron ore, and beds of coal. The Elkgarden (Pittsburg) 
coal, the noted seam of western Maryland, and known locally as 
the" Big Vein" or .. Fourteen-foot" seam, occurs at the base of 
this formation. The main mass of coal varies in thickness from 
ten to nearly fourteen feet, above which are frequently from 
three to nine feet of alternating coal and black shale which, in 
the southern part of the George's Creek field, is capped by 
twenty-five feet of thin black shales in which coal occasionally 
occurs. 

A seam of coal two and one half feet in thickness is reported 
m the Consolidation Coal Company's new shaft 92 feet above 
the base of the Elkgarden coal. From 120 to 140 feet 
above the top of the Elkgarden is the Tyson (Sewickley) 
coal varying in thickness from three to seven feet. Finally, at 
the top of the formation about 255 fed above the base of the 
Elkgarden coal is the Koontz (Waynesburg) coal two feet thick 
and reported to reach a thickness of four and one half feet. The 
top of this coal determines the upper limit of the Monongahela 
formation which has a thickness of a little more than 250 feet. 
Fossils are' rare. 

The Monongahela formation was named from the exposures 
along the Monongahela River in southwestern Pennsylvania, 
is popularly known as the Upper Productive-measures, is No. 
XV of the Pennsylvania reports and the Elkgarden formation of 
the Piedmont folio. 

PERMIAN STRATA (?) 

JJunkard formation.- The largest area of this formation 
partly underlies the city of Frostburg and covers a considerable 
tract to the east and southeast of the city. It covers the high 
part of several hills to the south of Frostburg, extending as far 
south as Detmold Hill on the western side of George's Creek and 
the hill south of Pekin on the eastern side. The rocks consist 
largely of argillaceous shales, which when weathered are reddish· 
green, with some beds of sandstone, limestone, and coal. A 
stratum of coal and black shale four feet thick occurs 120 feet 
above the base of the formation and a drab limestone, five feet 

Digitized by Google 



PALEOZOIC FORMATIONS OF MARYLAND 429 

thick, weathering buff occurs about 295 feet above it. This 
limestone, some of the layers of which contain plenty of speci
mens of Ostracods (Prinuztia frostlmrgmsis Jones) and a few 
other species, has been quarried to some extent toward the top 
of Vale's Hill, east of the Consolidation Coal Company's pumping 
station, and it is succeeded by thin black shales. The top of 
the hill is ninety feet higher and on its slope forty feet above the 
limestone ledge are loose pieces of bluish thin-bedded limestone 
containing small Ostracod and Gastropod shells. Near the top 
are loose blocks of coarse-grained sandstone which probably caps 
the hill. Tbis hill shows about 390 feet of the Dunkard forma
tion, which is probably its greatest thickness in the county. In 
addition to the fossils noted in the limestones. ferns were found 
in the shales overlying the Koontz coal. 

The formation is named from the exposures along Dunkard 
Creek, near the West Virginia-Pennsylvania line, is frequently 
called the Upper Barren-measures, and is No. XVI of the Penn
sylvania report. 

COLUMBUS, 0., 
July 1901. 

CHARLES S. PROSSER. 
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THE DEPOSITION OF COPPER BY SOLUTIONS OF 
FERROUS SALTS 

INTRODUCTORY 

THE genesis of the great deposits of native copper is a sub
ject which has invited considerable speculation. From its occur
rence in the cupriferous conglomerates and sandstones as a 
cement, or replacer, of the constituent grains, the copper is 
plainly of secondary origin. Its position here indicates that it 
resulted as a deposition from aqueous solution! The metal, 
doubtless, first dissolved as sulphate, an oxidation-product of an 
original sulphide. Under the influence of solutions of calcium 
bicarbonate, or alkaline silicates, the sulphate was speedily con
verted into the carbonate, or silicate. 2 From solutions of one, 
or both, of these latter salts were probably derived the several 
classes of copper deposits. 

In its paragenetic relations the position of the metallic copper 
indicates, as Pumpelly shows, that it was deposited after the forma
tion of the non-alkaline silicates and before that of the alkaline 
silicates. As is further pointed out QY the same writer, there is 
an intimate connection between the native copper and such iron
bearing minerals as delessite, epidote, and the green earth 
silicates. So constant is their common occurrence that he is 
led irresistibly to the conclusion that there is a close genetic 
relation between the reduced copper and the ferric oxide con
tained in the associated minerals; that, indeed, the reduction of 
the copper oxide to metallic copper was produced by the oxida
tion of ferrous derivatives. Later Irving, in support of the same 
view, called attention to the fact that many particles of copper 
enclosed a central core of magnetite.3 

I R. D. IRVING: Mon. U. S. Geol. Surv., NO.5 (1883), p. 420 . 

• RAPHAEL PUMPELLY: Am. Jour. Sci., Vol. II (1871), p. 353. 

1 Mon. U. S. Geo!. Surv., loco cit. 
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A number of attempts has been made to discover the condi
tions under which copper may be deposited by solutions of ferrous 
salts. As early as 1861, Knop succeeded in forming cuprous 
hydroxide by treating a mixture of cupric and ferrous sulphates 
with alkaline carbonate.' In one instance he speaks of obtaining 
traces of copper. In 1864, Wibel repeated Knop's experiments,2 
but was unable to verify the latter's statement regarding the 
reduction to metallic copper. When, however, a mixture of fer
rous and cupric hydroxides, formed by adding potassium 
hydroxide to a solution of the sulphates, was heated to 210 0 C., 
traces of copper were obtained. Solutions of the sulphates and 
coarsely powdered Wollastonite, subjected to the same treat
ment, yielded a like result. The separation of metal, however, 
was slight and the part played by the ferrous hydroxide in the 
reduction was at the time somewhat questioned. In 1867, Braun 
observed the partial deposition of copper from a mixture of 
ferrous and cupric salts when these were dissolved in large excess 
of ammonium carbonate.3 The same year Weith secured a ready 
reduction in the presence of tartaric acid.~ He failed to note, how
ever, that undt!r the same conditions, the organic acid itself will 
slowly reduce the copper salt. A mixture of calcium hydroxide 
with a solution of ferrous and cupric sulphates, was allowed to stand 
for several weeks. The precipitate thus obtained, when treated 
with acetic acid, left a residue of cuprous oxide. and copper. 

Strangely enough Weith overlooked the fact that cuprous 
oxide with acetic acid yields cupric acetate and metallic copper. 
In 1869, HuntS stated that he had obtained metallic copper by the 
action of cupric chloride on freshly precipitated ferrous hydroxide, 
or carbonate. Nothing is given, however, to indicate that the 
metal was'actually detected by isolating it from co-precipitated 
ferric hydroxide. 

'A. KNOP: N. Jahrb. f. Min. (1861), s. 513. 

"FERD. WIBEL: .. Das Gediegen-Kupfer und das Rothkupfererz" (1864), S. 14. 

lE. BRAUN: Zeit. fur Chern. (1867), 569. 

4 W. WEITH: Zeit. fur Chern. (1867), 623. 

5STERRY HUNT: Cornp. r. (1869). 1357. 
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THEORETICAL 

It can be shown that the deposition of copper by solutions 
of ferrous salts is a reversible reaction governed by the ordinary 
laws of chemical equilibrium. It is to Arrhenius largely that we 
owe the view that certain substances in solution are more, or less, 
dissociated into electrically charged parts, or ions. This theory 
has proved of the highest value in affording an insight into 
the principles of chemical reactions. Different substances differ 
much in their tendency to pass into the ionic form and this 
tendency is greatly influenced by external conditions, particu
larly by the nature of the solvent. 

The chief source of ions is the dissociation of electrically 
neutral molecules, such as occurs in the aqueous solutions of 
salts, acids, and bases. They may further be formed from elec
trically neutral substances which enter the ionic condition by 
partially, or wholly, appropriating the electric charge of ions 
already present.. As an example of this mode of formation 
may be mentioned the reduction of ferric salts by the action of 
metallic iron. 2FeCl3 + Fe = 3FeCI... The solution of metallic 
copper in ferric chloride is an action of the same nature. 
Cu + 2FeCl3 = CuCI .. + 2FeCI,.. 

As is seen the deposition of copper by a ferrous salt would 
be the reverse of this last reaction. 

The conditions under which such reduction should occur 
may be readily determined. In a system which contains a solu
tion of iron and cupric salts in contact with metallic copper and 
in which the several constituents have attained a constant value, 
a condition of equilibrium subsists on the one hand between fer
ric, cuprous, ferrous, and cupric ions (Fe'" + Cu' E > ~e" + Cu"), 
and on the other hand between ferric, ferrous, and cuprous ions 
and the active mass of the metallic copper (Cu + Fe'" < ;:. Fe" 
+ Cu'). If a, h, c, d, respectively, represent the active masses 
of the ions in the first instance, an equation of equilibrium may 

ab 
be thus formulated, cd = K .' The active mass of the copper 

'F. W. KUSTER: Zeit. f. Elec. Chern., Vol. IV, p. 105 . 

• W. NERII'ST: Theoretical Chemistry, p. 358. 

Digitized by Google 



THE DEPOSITION OF COPPER 433 

is of constant value, ·hence in the second instance, retaining the 

same letters, we have th~ expression, :c = K' The precipita

tion of copper would then be favored by increasing the con·cen
tration of ferrous, cuprous, and cupric ions and by decreasing 
that of the ferric ions. The deposition of the metal, conse
quently, should depend on the relative active masses of the ions 
present. This assumption is fully sustained by the experimental 
evidence which follows: 

Tlu precipitation of metallic copper by sol,ttions of ferrous salts is 
a reversible action, whose direction in any case is determined by tlte 
relative cOllCenlration of llu ferrous, ferric, and copper (cuprous and 
cupni:) ions. 

EXPERIMENTAL I 

(a) In a solution containing an appreciable quantity offerric 
ions, or in which these would be formed in the course of the 
reaction, metallic copper will not be deposited. 

This is shown in the inability of ferrous chloride, or sulphate, 
to reduce corresponding copper salts, even though the mixed 
solutions stand for an indefinite period. This inaction is, indeed, 
to be expected when we consider that solutions of soluble ferric 
salts, as the sulphate and chloride, easily dissolve metallic cop
per with formation of a cupric salt. 

From this it is readily understood why Wibel 2 obtained no 
reduction of the copper salt on heating together to 210 0 C. a 
solution of the mixed sulphates. 

(b) In a solution containing few ferric ions and in which the 
reaction does not result in their appreciable increase, a sufficient 
concentration of ferrous and copper ions will result in the depo
sition of metallic copper. 

The tendency of ferrous to reduce copper salts is shown in 
the precipitation of cuprous sulphocyanate by the action of the 
ammonium salt on a solution- of ferrous and cupric chlorides. 
The same tendency appears in the formation of cuprous chloride, 

• All the reactions given in the following paragraph have been experimentally 
determined by its author except as indicated by references.-Ed. JOUR. GEOL . 

• " Das Gediegen-Kupfer und das Rothkupfrerz," S. 20. 
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as noted by Hunt, on heating cupric oxide with a solution of ferrous 
chloride.' From an emulsion of ferrous and cupric hydroxides, after 
long standing, may be separated crystals of cuprous oxide. That 
further reduction is largely determined by the concentration of 
the cupric and ferrous ions, appears probable from the action of 
ammonium carbonate on a solution of ferrous and cupric chlo
rides.2 The precipitate first formed on adding the carbonate to 
the mixed chlorides, dissolves in an excess of the precipitant to a 
yellow liquid, from which, on standing twenty-four hours, there 
is deposited, on the walls of the vessel, a slight but brilliant mir
ror of metallic copper. 

The influence of the concentration of the ions on the reduc
tion of copper is clearly shown in the behavior of the mixed 
carbonates under varying conditions. 

When one adds a solution of cupric and ferrous chlorides (I 
mol. CuCl s : 2 mol. FeCIs ) to a considerable excess of sodium 
carbonate, there is obtained a greenish precipitate of the carbon
ates which undergoes but slight change on standing. Such a' 
solution, indeed, would naturally little favor the separation of 
metallic copper since the highly ionized alkaline carbonate would 
greatly decrease the active masses of the ferrous and cupric 
ions. 

If the alkaline carbonate employed be only slightly in excess 
of that required to precipitate the copper and iron salts, the con
centration of the carbonic acid ions will be greatly diminished. 
Under these more favorable conditions reduction slowly takes 
place with loss of carbon dioxide. The carbonates gradually 
change in color to a brick-red precipitate containing metallic 
copper and basic ferric carbonate. 

As is well known the acid ferrous and cupric carbonates are 
more soluble than the corresponding normal or basic salts of 
these metals. The influence of this greater solubility is shown 
in the precipitation of small amounts of copper even in the pres
ence of large excess of acid alkaline carbonates. If one adds 

1 STERRY HUNT: Compo r., loco cit . 

• E. BRAUN: Zeit. fur Chem., loco cit. 
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the metallic chlorides to a saturated solution of acid potassium 
carbonate and allows the mixture to stand for twenty-four hours 
there is deposited on the walls of the vessel a slight film of 
metallic copper mixed with basic ferric carbonate. 

The solubility of the acid carbonates of iron' and copper is 
largely increased under pressure.' The greater concentration 
of the metallic ions thus obtained produces a ready reduction 
of copper even in the presence of concentrated solutions of the 
acid alkaline carbonates_ 

In a thick-walled flask holding a saturated solution of potas
sium bicarbonate is placed a tube containing a solution of fer
rous and cupric chlorides. The flask is then filled with carbon 
dioxide, tightly sealed, and the contents of the tube mixed with 
the alkaline bicarbonate. The precipitate formed gradually 
loses carbonic acid, finally assuming the brick-red color already 
noted. The supernatant ruddy liquid owes its color to the pres· 
ence of some basic ferric carbonate which, when the solution is 
warmed, deposits as ferric hydroxide. The precipitate contains 
finely divided copper which cannot readily be freed from the inti
matelyassociated ferric iron by treatment with hydrochloric acid 
because of the solvent action of ferric chloride, but on digesting 
the original mixture a short time a coagulum may usually be 
formed from which, by repeated agitation with water, the heavier 
metal is separated. The copper thus obtained is of characteriEtic 
appearance; is insoluble in hydrochloric acid, soluble in nitric, 
the solution showing the presence of copper and absence of 
iron. 

The reduction of copper from the cuprous condition may 
be effected in the same manner as from the cupric. This is 
readily shown by substituting for the cupric salt in the above 
reaction cuprous chloride dissolved in a solution of chloride of 
sodium. From one gram of cuprous chloride more than half 
the metal may be easily isolated as pure copper free from ferric 
iron. 

From these results it is quite evident that the conditions 
I R. WAGNER: ZeiL f. analyt. Chem. Vol. VI, p. 167. 
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under which the oxidation of ferrous salts may result in the 
deposition of copper are those which obtain in the circulation of 
underground waters. The theory of Pumpelly and others based 
on paragenetic relations is thus fully sustained by chemical evi-
dence. . 

UNIVERSITY OF CHICAGO, 

June 1901. 

H. C. BIDDLE. 
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EVIDENCE OF A LOCAL SUBSIDENCE IN THE 
INTERIOR 

IN the spring of 1883. I made a survey to build a levee along 
the Wabash River on the west side, of Parke county, Indiana, for 
a length of twelve miles. I took the levels with great care, and 
checked on the river water every half mile to guard against 
errors. The great flood of the preceding winter had left its high 
water mark very plain on the trees in the bottoms, and I checked 
on them also. I cut some sixty bench marks on the trees in 
running the levels, some of which are still intact. The lower 
end of the levee was built square across the narrow bottom to 
the bluff and crossed a bayou through which the flood water ran 
off of the bottoms into the river. We built an automatic flood
gate across this bayou so as to shut out river, but let out inside 
water from breaks above. The gates were hung to heavy brick 
walls built on timber foundations three feet thick, and deeply 
bedded below the bottom of the bayou. A bench mark was 
cut on a bur oak tree near the walls, and the level of the 
walls was taken when built. I had charge of the maintenance 
and repair of this levee four years from its building, and had 

. frequent occasion to run the level over the top to restore breaks, 
for it was built only twenty-one feet above low water, whereas 
the great floods rise twenty-eight feet. I set the grade stakes 
for the contractors to work to, and in doing so ran the level 
over the ground again. I speak of all this to show that my 
leveling was correct, as so many levelings would detect any error, 
and none were found to exceed a half inch. I can say positively 
that the levels were correct in 1883. 

This spring ( 190 I) the levee was to be raised three feet, mak
ing it twenty-four feet above low water, under a new law of 
the state, but including only the lower seven miles. I leveled 
the work again, and found bench marks again intact except the 
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lower (south) mile and a quarter, which showed a decline south
ward amounting to ten inches at the lower (south) end, as shown 
by the mark on the bur oak and top of the gate walls. I went 
back to the C. & E. I. railroad bridge at Clinton, two and a half 
miles above the south end, and started my level from a mark 
known to be in tally with the level of 1883, and ran carefully 
over the work again, and it varied from the one made just before 
only a quarter of an inch. And the bench mark on the bur oak 
and the top of the gate walls had gone down ten inches (/l<r of 
a foot). I was right in 1883 and I am right now. What caused 
this sink, or subsidence? I can think of nothing so likely to 
cause it as the Charleston earthquake. The wave of that earth
quake somewhere south of us changed from westward and went 
northward along the Wabash. 

ROCKVILLE, INDIANA, 

July 20, 190'. 

JOHN T. CAMPBELL. 
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EDITORIAL 

- WITH the death of Dr. Joseph Le Conte there has passed 
away perhaps the last distinguished American representative of 
the general geologist as typified during the past century. This 
passing type of the general geologist was a distinctive outgrowth 
and representative of a transitional stage of intellectual pro
cedure-a passage from the former mode in which -the general
izing and philosophical factors held precedence and the toilsome 
modes of scientific verification followed as their servitors, to the 
present or at least the coming method in which scientific deter
minations are the basal factors to which generalizations and 
philosophies are but dependent accessories. We owe much of 
the tl."ansition itself to Dana and Le Conte, the two noblest 
American representatives of the passing type, for while they 
grew up under the influence of the older intellectual attitude, 
they grew out of it in spirit while they steadied and guided the 
transition. They were distinctively students of geology in the 
special sense in which that term implies the organized doctrine 
of the earth, rather than ~tudents of what might be termedgeics, 
the immediate study of the earth itself in the field and the labora
tory. They were preeminently students of the accumulated 
data and of the literature of the science, with generalization and 
philosophic inference as their dominant inspiration. Neither 
Dana nor Le Conte were eminently field students; much less 
were they specialists in a chosen field of the broad geological 
domain. Their point of view was that of the organizer and of 
the philosopher, and the contribution they made in their chosen 
sphere was indispensable and immeasurably valuable. How this 
necessary function is to be met in the future, with the increasing 
complexities and profundities into which every branch is rapidly 
growing, it is difficult to foresee, further than that it must in 
some way be intimately associated with extensive personal 
researches in the field and the laboratory, and must be guided 
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by a reversal of the old-time attitude of philosophy and science 
toward each other. The philosophical factor must be put into 
service as the active handmaid of scientific determination rather 
than as its guide and leader. It may indeed go before as scout 
to roughly reconnoiter the way, and it may come after to 
assemble and interpret the results, but it must ever be tentative 
and dependent on rigorous scientific determination. Deduction, 
inference, interpretation, theory, hypothesis, and the other phil
osophical factors must be merely initial steps and sequential 
steps attendant on rigorous science as the end. None the less, 
the philosophical factors and the philosophical point of view are 
indispensable if the science is to make its most wholesome 
progress, and we owe to Le Conte and to those he typifies an 
immeasurable debt, for they have kept us in fresh touch with 
the generalizations and the philosophy of the science, and have 
inspired us with their own contributions to the broader concep
tions of geology and of its relations to kindred sciences. The 
writings of Le Conte are graced by the fruits of wide learning, 
a lucid style, a genial attitude, and a candor that has called 
forth universal love and admiration. T. C. C. 

THE progress of opinion in regard to the origin of the solar 
system, and incidentally of the earth, is indicated by the follow
ing recent utterances of astronomers of high rank: 

This simple hypothesis (Laplace's nebular hypothesis) has recently been 
severely attacked, and it is doubtful whether it will survive the blow. Indeed, 
we may be compelled to seek the origin of stellar systems in the spiral 
nebulae. which Keeler's photographic survey made just before his death 
showed to represent a true type form. It is ~vident that much remains to 
be done before the mystery which surrounds the genesis of stars can be 
cleared away.- PROFESSOR GEORGE E. HALE, Director Yerkes Observatory. 
in address to Visiting Committee. University Record, June 28. 1901. p. 141. 

Though, without doubt, the systeI? was evolved in some way from a 
primitive nebula, we may say with certainty that it did not follow the orderly 
course marked out for it by Laplace.- PROFESSOR C. L. DOOLITTLE, of the 
University of Pennsylvania. in annual address delivered before the Univer
sity of Pennsylvania chapters of the Society of Sigma Xi, June 13, 1901. 

printed in Science, July 5, 1901, pp. 11-12. 
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SUMMARIES OF CURRENT NORTH AMERICAN PRE·CAM· 
BRIAN LITERATURE.' 

WALCOTT' reports on the results of an examination of Cambrian 
and pre-Cambrian formations on Smith's Sound, Newfoundland, during 
the summer of 1899. At Smith point he found the Olenellus fauna 
369 feet below the summit of the Etcheminian, and one of its types, 
Coleoloides typicalis, in the basal bed of the Cambrian, on the south 
side of Random Island. This retains the Etcheminian of Newfound· 
land in the Lower Cambrian. 

The Random terrane, so-called from a typical section on Random 
Sound, is a series of sandstones, quartzitic sandstones, and sandy shales, 
resting conformably upon the Signal Hill conglomerate (which was 
formerly supposed to represent the top of the Avalon or Algonkian 
series) and extending up to the base of the Cambrian. The Random 
terrane is thus the upper member of the Avalon series and fills a por· 
tion, if not all, of the gap between the Signal Hill conglomerate and 
the Cambrian. The Cambrian rests on the Random terrane with a 
thin belt of conglomerate. The thickness of the terrane is probably 
1000 feet. In one horizon in the terrane were found several varieties 
of annelid trails, including a variety about 5 millimeters broad, a 
slender form ~ millimeter broad, and an annulated trail 2 to 3 milli
meters in width. 

An examination of the form known as Aspidella terranovica found 
in the Momable terrane of the Avalon series proved the supposed 
fossil to be a spherulitic concretion, and this removes it from among 
the possible pre.Cambrian forms of life. 

Cushing3 describes and maps the pre-Cambrian rocks of Franklin 

'Continued from p. 87, Vol. IX, this JOURNAL. 

"Random, A Pre-Cambrian Upper Algonkian Terrane, by CHARLES D. 
WALCOTT: Bulletin of the Geological Society of America, Vol. Xl, 1900, pp. 3-5. 

3 Preliminary Report on the geology of Franklin connty, Pt. Ill, by H. P. 
CUSHING: Eig!Jteenth Annual Report of the State Geologist of the State of New 
York, 1900, pp. 75-1211. With geological map. 
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county, New York. These are classified as Grenville (Algonkian) 
rocks, igneous rocks intrusive in the Grenville, and other igneous 
rocks of doubtful age, possibly in part older than the Grenville rocks. 

The Grenville rocks occur in small disconnected patches sur
rounded by intrusive igneous rocks. Some of them have such position 
with reference to one another that they seem to represent remnants of 
what were originally two continuous parallel N. E. to S. W. belts. 
The characteristic rock of the series is the crystalline marble. This is 
intricately infolded with quartzose and hornblendic gneisses, and with 
fine-grained. granitic, syenitic, and gabbroic gneisses precisely like 
gneisses which occur in other areas where no member of the Grenville 
series is to be found. 

The gneisses of undetermined age include granite, syenite, diorite, 
and gabbro gneisses, together with intermediate varieties. They 
occupy a very large area. If all these gneisses are igneous (as is 
thought probable) there are three possibilities in regard to their age. 

I. They may represent in whole or part a more ancient series than 
the Grenville. 

2. They may represent a somewhat later series intrusive in the Gren
ville, but older than the great gabbro, syenite, and granite intrusions. 

3. They may represent thoroughly foliated phases of these later 
intrusions. 

In Dr. Cushing's present judgment they will be found to belong 
partly under 2 and partIy under 3, but more especially the former. 

No rocks have been found in the northern Adirondacks which can 
be shown to be older than the Grenville series, but in every case in 
which the relations have been made out, the adjacent rocks show intru
sive contacts with the Grenville rocks. On the other hand, the Gren
ville is a sedimentary series and must have been laid down on some floor. 

Younger than the Grenville rocks and for the most part younger 
than the doubtful gneisses are a considerable quantity of igneous rocks 
comprising gabbros (anorthosites) syenites, and granites. These again 
occupy large areas. 

In the northern portion of the county, Upper Cambrian rocks 
overlie the pre-Cambrian rocks with unconformity. 

Smyth I discusses certain features of recent work in the western 

I The Crystalline Rocks of Western Adirondack Region, by C. H. SMYTH: Rept. 
of the New York State Geologist for 1897, published in Fifty-first Ann. Rept. of New 
York State Museum, Vol. II, 1899, pp. 469-467. 
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Adirondack region. He concludes that the rock previously called 
gabbro by Nason, Van Hise, Williams, and himself, south of the belt 
of limestone in the Diana·Pitcairn area in Lewis and St. Lawrence 
counties, is an augite syenite of igneous origin, although it passes into 
a hornblende-gneiss which is unquestionably a result of dynamic action. 
The origin of other gneisses has been inferred to be igneous from their 
similarity to this gneiss which has been particularly studied, and it is 
evidence of this kind which serves as a basis for Smyth's conclusions, 
previously published,' that some of the gneisses on the western 
Adirondacks are certainly, and most of them probably, of igneous 
origin. 

With the view of exploring the central and little known portion of 
the Adirondacks, a reconnaissance was made through the area contigu
ous to the Fulton chain of lakes and Raquette Lake in the counties of 
Hamilton and Herkimer. It was found that the heart of the Adiron
dacks is made up essentially of gneiss, with minor quantities of crystal
line limestone and its associated sedimentary gneisses and schists. 
This is precisely analogous to what was found by the writer in St. 
Lawrence, Jefferson, Northern Lewis, and southwestern Hamilton 
counties, and by Kemp and Cushing in the eastern Adirondacks. 
These facts lead to the conclusion that the Adirondack region, instead 
of consisting of a great central mass of gabbro, surrounded by a nar
row fringe of gneisses and limestones with quaquaversal dip, is essen· 
tially composed of gneisses, with numerous limestone belts, having 
northeast strike, and northward dip, and cut through on the east by 
immense intrusions of gabbro. It is still possible, of course, that some 
areas of gabbro may be found in the unexplored portions of the west
ern half, but even should this be so, it would not materially modify the 
above conclusion, as such masses must necessarily be isolated intru· 
sions of no great extent, rather than parts of a large area. 

Kemp,' in connection with the description of the magnetite 
deposits of the Adirondacks, briefly describes the general features of 
the geology of the gabbro ltnd gneiss of Westport, Elizabethtown, and 
Newcomb townships in Essex county, New York, and presents a geo
logical map of the former two townships. 

I See Summary JOUR. GEOL •• Vol. VII, p. 406 . 

• The Titaniferous Iron Ores of the Adirondacks, by J. F. KEMP: Nineteenth Ann. 
Rept. U. S. Geol. Surv., 1897-8, Pt. 111,1899, pp. 397-399. 
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Kemp and Newland I make a preliminary report on the geology of 
Washington, Warren, and parts of Essex and Hamilton counties, New 
York. Some of the points particularly noted are: 

The excessive mashing and granulation of the gneisses, giving them 
in places semblance to quartzite. The greenish gneisses, consisting in 
largest part of microperthite, were originally eruptive rocks. The dis
covery is reported of quartzose gneisses or foliated quartzites which are 
certainly metamorphosed ;;ediments. They form notable areas along 
the head of South Bay, Whitehall township. Their presence indicates 
the probable presence of a considerable series of clastic sediments. 
The crystalline limestones themselves have been found in small expo
sures over almost all of Warren county, and generally in the crystal
line belt of Washington. They are most extensive in Newcomb and 
Minerva townships of Essex, and to the south become thinner and 
more scattered. So far as we have observed they are less common in 
eastern Hamilton county. There is evidence to show that strati
graphical relations can be proven and that anticlines and synclines can 
be demonstrated. 

Dikes of basic gabbro usually of moderate width, but lithologi
cally like the larger masses in Essex county, have been met over a wide 
area-in fact almost every township in Warren, but the basaltic traps 
almost disappear. 

Kemp' summarizes the present knowledge of the pre-Cambrian 
rocks of the Adirondacks. Most of the features have been covered in 
previous articles. Attention is called to the distribution of the sedimen
tary crystalline rocks, the Oswegatchie series (equivalent to the Gren
ville series of Adams and perhaps the Huronian). These consist of 
limestones, sedimentary gneisses, and quartzites. They occupy greaSer 
area than has been supposed. Tht! limestones are found chiefly in 
the northwest, and the southeast or eastern portions of the Adirondack 
area of crystalline rocks. They are in small quantity, or altogether 
absent in the northern portion, in the broad belt running from 

I Preliminary Rept. on the Geulolo(Y (If \Va,hinlo(t"n. \Varren. parts of Essex and 
Hamilton counties. by 1.1". KulP anti D. II. ~EWLAS(l: Rept. of the New York 
State Geol"lo(ist for 18Q7. publi,hetl in I-"ift~--tiht Ann. Rept .• New York State 
:Museum. Yol. II. IS,>,>. PI" 4Q<)- 553· 

'Pre-Camhri;," Sediment> in the Adir .. n,lacL.s. b~' J. 1-". KE'II': Vice Pre~ideD

hal adtlre» puhlt.hetl in the 1',,'<'eedlDlo(' of the A .• -\. A. S .• V"I_ XLIX. 1900. pp. 

157-184. 
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northeast to southwest across the area, and along the southern and 
southwestern border. On the northwest they are in e~tended and 
comparatively broad belts, but in the eastern portion they appear in 
many small and separated exposures, associated with some quartzites 
and much greater amounts of characteristic gniesses, but greatly 
broken up by igneous intrusions. The quartzites thus far known are 
in small quantity, but such as they are, they are found principally in 
the eastern portions of the area, where the limestones are thinnest 
and most scattered. From the presence of tfle quartzites it is inferred 
that clastic sediments must have been pre,ent in larger amounts than 
has heretofore been realized. On the east it has not been proven 
that sediments form synclines pinched into the underlying gneissoid 
rocks. On the contrary they seem to constitute low, dipping, flat 
monoclines. 

Co",,,u,,I.-The complex geology of the Adirondack crystalline 
rocks is being rapidly worked out by Kemp, Smyth, Cushing, and 
others. The frequent brief papers issued by these geologists in nearly 
all cases report some important advance in the solution of their prob
lem. The precise relations of these advances to the general problem 
may not be clear to the average geological reader, too busily engaged 
to follow the subject closely, and for such the general summary of 
Adirondack geology given by Kemp I will be of value. 

In a previous comment' on Adirondack geology the state of 
geological knowledge, as indicated by the literature on the subject 
then available, was briefly summarized by the writer, and here atten
tion will be called only to later developments. One of the most 
interesting of these is the extension of the areas of pre-Cambrian 
sedimentary and associated rocks, and the corresponding contraction 
in the area of the great Adirondack gabbro. This was formerly 
supposed to occupy the great central area of the Adirondacks with 
the pre· Cambrian sediments and the associated gneisses around its 
periphery. Recent work seems to show that the area is occupied by 
gneisses, with narrow limestone belts, cut through on the east by a 
number of immense intrusions of gabbro. Another advance is the 
discovery of greater quantities of clastic sediment than have before 

• Pre-Camhrian Sediments in the Adirond.1cks, hy J. 1-'. Knll': \'ice Pre .. ,len 
tial address publi~hed in Proceedings of the A. A. A. S., Yol. XLIX. 1900, PI'. 

157-184. 
• Jot:a. (iF-ilL., "01. VII, PI' .. PO-411. 
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been realized in the eastern portion of the Adirondack area, where 
the limestone is thinnest. The main problem of the region, the origin 
of the gneisses, is as yet far from settlement. The tendency is, how
ever, to ascribe to them an igneous origin, and to place them later 
than the Oswegatchie series, in the areas where they have been most 
closely studied. 

Jones,' in connection with a description of Tallulah Gorge of north
eastern Georgia, describes the crystalline rocks there occurring, and 
gives a little sketch map showing their relations. They are called 
pre· Cambrian. 

Watson' describes the granitic rocks of the Piedmont plateau of 
Georgia. Field and laboratory studies indicate that they are not all 
contemporaneous in origin. Some of them are pre· Cambrian, while 
others may possibly be later in age. 

Adams' describes the Laurentian granitoid gneiss and granite of 
the Admiralty group of the Thousand Islands, Ontario. The granitoid 
gneiss is presumably derived by metamorphism from the granite. A 
large exposure of crystalline limestone on Island No. 18 resembles in 
all respects that of the Grenville series of the mainland adjacent. 

Parks· describes the geology of the Moose River Basin in Canada, 
including the Moose and Abitibi Rivers, tributary to James Bay. This 
is an immense triangular area of which the apex is at James Bay, and 
the base stretches from above Lake Abitibi to a point west of Kabina· 
kagami. The southern and major portion of this triangular area con· 
sists of Laurentian gneisses and granites crossed, by bands of Huronian 
rocks. Along the Abitibi River, Huronian rocks, consisting of 
altered diorites, pyrites, gray quartz schist!', and some soft decom· 
posed schists occupy the country to the south, extending as far north 
as the head of the first long rapid on the Frederick House River. The 
line of contact of this belt crosses the Abitibi below the Iroquois 

• Th~ (~\J.\~\' "I ,h~ Tal1ul.ah G,,~~. Iw S. P. J.'s",,: ."-"can GeoIOf{i51. 
\".,1. :\::\:\'11. 1001. p,'. r-~ ~~. 

• rh~ ';ranllt,· R,..-\,. ,., (;~\I'::la all,1 Th~lr RrI.I ... ~hlps. b~' T. L. WATSOS : 
.\m""':.11 \;~':"~b'. \",.1. :\:\:\'11. '~'l. 1'1' .:.:.; :':;'-

':'\"'''$ ,\It th~ ';~\I,.~, .,. the- .\,111' fAlt, ';(\'"'' "I t~ Th"usaad biaads. b~' 
t ~ \'1" 1\ .\"'\1' \' .. 11. R ..... "~I ~'" \ ,,: \'11. '!'.::7. rt" ~~-:~:. 

· ,·u .... , "1\" ,\I .\.: l!- .. :'\.\ ......... ".:: ':!',·II'. l",'"r.!an· •• ··.::~th Rcpt.OIIt. Bur. 
'I",C',. , ...... ,. \'\' '-I. :"1." ," 0: .... :.-.: , .. : IIUI'. :'\I\e-n's h&..'C ::oc. Sintb Rcpl. 001. 
1; •• 1. \1.1 ..... "., .... , \.\' I:, q:. t~ .. 1I.','r·an ". :l-~ 'I .... ,~ R:..-cr Basio.l·DiTCnl!\· 
,., 1.''''1'1.' 'h,,\ ,', \.,~.·1 ',1 C", 'S,,- ,. I .. " .. ~'T' ;".:~ ~("t.:h • .1.1'. 
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Falls. From this point to the Lobstick portage, Laurentian gneisses 
and mica schists crop out occasionally. The narrow Huronian belt 
from the Lobstick to the foot of the canyon or Long Portage, consists 
mainly of augite-syenite, passing into gabbro to the north. Beyond 
this portage Laurentian gneiss extends to the Devonian contact above 
the Sextant rapids. 

Coleman I gives a general account of a visit to all the iron and 
copper regions of the Lake Superior country. For the ranges on the 
United States side of the boundary no facts are given not found in the 
published reports. On the Canadian side of the boundary the Michi
picoten Range, the iron formation near Dog River, and the siliceous 
iron ores of Batchawana Bay are described. In the Michipicoten 
range the Helen mine in particular is referred to. In general, the rocks, 
including the ore at this mine, have all the appearance of Lower 
Huronian or Keewatin rocks, as in the Vermilion district, and not 
those of the Upper Huronian or Animikie, as in the Mesaba. 

Near Dog River are iron formation rocks similar to those extend· 
ing northeast from MichipiCoten bay. It is thought probable that 
the two may connect. 

The occurrence and relations of iron formation material northeast 
from Michipicoten Bay and near Dog River are indicated on a sketch 
map. 

Coleman," as a result of an examination of the new Michipicoten 
iron district, and the consideration of other iron formation areas in 
Ontario, has collected facts which seem to throw some light on the 
relative ages of the different areas mapped as Huronian on the north 
shore. In the Michipicoten district iron-formation material, consist
ing of banded ferruginous sandstones, cherts, and jaspers, standing 
nearly vertical, extends from Little Gros Cap northeastward for twenty 
miles; then bending to the north and west it takes a westerly direction 
for more than thirty miles. The width of the belt is but a few hun
dred yards. 

Sandstones of the same peculiar type occur at Little Turtle Lake, 
east of Rainy Lake and near Fort Frances, on Rainy River, as well as 
at the Scramble gold mine, near Rat Portage, on Lake of the Woods. 

• COLEMAN, DIl. A. P.: Copper and Iron Regions of Ontario, by A. P. 
C"LE~AN. Report of the Ontario Bureau of Mines for IC}OO, pp. 143-191. 

• Upper and Lower Huronian in Ontario, by AIlTHUIl P. C"I.E~AN: Bull. lienl. 
Soc. Am., Vol. II, IC}OO, pp. 107-114. 
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Kemp and Newland' make a preliminary report on the geology of 
Washington, Warren, and parts of Essex and Hamilton counties, New 
York. Some of the points particularly noted are: 

The excessive mashing and granulation of the gneisses, giving them 
in places semblance to quartzite. The greenish gneisses, consisting in 
largest part of microperthite, were originally eruptive rocks. The dis
covery is reported of quartzose gneisses or foliated quartzites which are 
certainly metamorphosed sediments. They form notable areas along 
the head of South Bay, Whitehall township. Their presence indicates 
the probable presence of a considerable series of clastic sediments. 
The crystalline limestones themselves have been found in small expo
sures over almost all of Warren county, and generally in the crystal
line belt of Washington. They are most extensive in Newcomb and 
Minerva townships of Essex, and to the south become thinner and 
more scattered. So far as we have observed they are less common in 
eastern Hamilton county. There is evidence to show that strati
graphical relations can be proven and that anticlines and synclines can 
be demonstrated. 

Dikes of basic gabbro qsually of moderate width, but lithologi
cally like the larger masses in Essex county, have been met over a wide 
area-in fact almost every township in Warren, but the basaltic traps 
almost disappear. 

Kemp' summarizes the present knowledge of the pre-Cambrian 
rocks of the Adirondacks. Most of the features have been covered in 
previous articles. Attention is called to the distribution of the sedimen
tary crystalline rocks, the Oswegatchie series (equivalent to the Gren
ville series of Adams and perhaps the Huronian). These consist of 
limestones, sedimentary gneisses, and quartzites. They occupy grea~er 
area than has been supposed. The limestones are found chiefly in 
the northwest, and the southeast or eastern portions of the Adirondack 
area of crystalline rocks. They are in small quantity, or altogether 
absent in the northern portion, in the broad belt running from 

• Preliminary Rept. on the Geology of Washington, Warren, parts of Essex and 
Hamilton counties, by J. F. KEMP and D. H. NEWLAND: Rept. of the New York 
State Geologist for 1897, published in Fifty-first Ann. Rept., New York State 
Museum, Vol. II, 1899, pp. 499-553 . 

• Pre-Cambrian Sediments in the Adirondacks, by J. F. KEMP: Vice Presiden
tial address published in the Proceedings of the A. A. A. S., Vol. XLIX, 1900, pp. 

157-184. 
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northeast to southwest across the area, and along the southern and 
southwestern border. On the northwest they are in e~tended and 
comparatively broad belts, but in the eastern portion they appear in 
many small and separated exposures, associated with some quartzites 
and much greater amounts of characteristic gniesses, but greatly 
broken up by igneous intrusions. The quartzites thus far known are 
in small quantity, but such as they are, they are found principally in 
the eastern portions of the area, where the limestones are thinnest 
and most scattered. From the presence of t~e quartzites it is inferred 
that clastic sediments must have been pre~ent in larger amounts than 
has heretofore been realized. On the east it has not been proven 
that sediments form synclines pinched into the underlying gneissoid 
rocks. On the contrary they seem to constitute low, dipping, flat 
monoclines. 

Commmt.-The complex geology of the Adirondack crystalline 
rocks is being rapidly worked out by Kemp, Smyth, Cushing, and 
others. The frequent brief papers issued by these geologists in nearly 
all cases report some important advance in the solution of their prob
lem. The precise relations of these advances to the general problem 
may not be clear to the average geological reader, too busily engaged 
to follow the subject closely, and for such the general summary of 
Adirondack ,geology given by Kemp I will be of value. 

In a previous comment" on Adirondack geology the state of 
geological knowledge, as indicated by the literature on the subject 
then available, was briefly summarized by the writer, and here atten
tion will be called only to later developments. One of the most 
interesting of these is the extension of the areas of pre· Cambrian 
sedimentary and associated rocks, and the corresponding contraction 
in the area of the great Adirondack ;gabbro. This was "formerly 
supposed to occupy the great central area of the Adirondacks with 
the pre-Cambrian sediments and the associated gneisses around its 
periphery. Recent work seems to show that the area is occupied by 
gneisses, with narrow limestone belts, cut through on the east by a 
number of immense intrusions of gabbro. Another advance is the 
discovery of greater quantities of clastic sediment than have bdore 

• Pre-Cambrian Sediments in the Adirondacks, by J. F. KEMP: Vice Presiden· 
tial address published in Proceedings of the A. A. A. S., Vol. XLIX, 1900, pp. 
157-184. 

"JOUR. GEOL., Vol. VII, pp. 410-411. 
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the Ii is thin The rna lem of on, the 
of the gneisses, is as yet far from settlement. The tendency is, how
ever, to ascribe to them an igneous origin, and to place them later 
than the Oswegatchie series, in the areas where they have been most 
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Falls. From this point to the Lobstick portage, Laurentian gneisses 
and mica schists crop out occasionally. The narrow Huronian belt 
from the Lobstick to the foot of the canyon or Long Portage, consists 
mainly of augite-syenite, passing into gabbro to the north. Beyond 
this portage Laurentian gneiss extends to the Devonian contact above 
the Sextant rapids. 

Coleman' gives a general account of a visit to all the iron and 
copper regions of the Lake Superior country. For the ranges on the 
United States side of the boundary no facts are given not found in the 
published reports. On the Canadian side of the boundary the Michi
picoten Range, the iron formation near Dog River, and the siliceous 
iron ores of Batchawana Bay are described. In the Michipicoten 
range the Helen mine in particular is referred to. In general, the rocks, 
including the ore at this mine, have all the appearance of Lower 
Huronian or Keewatin rocks, as in the Vermilion district, and not 
those of the Upper Huronian or Animikie, as in the Mesaba. 

Near Dog River are iron formation rocks similar to those extend
ing northeast from MichipiCoten bay. It is thought probable that 
the two may connect. 

The occurrence and relations of iron formation material northeast 
from Michipicoten Bay and near Dog River are indicated on a sketch 
map. 

Coleman," as a result of an examination of the new Michipicoten 
iron district, and the consideration of other iron formation areas in 
Ontario, has collected facts which seem to throw some light on the 
relative ages of the different areas mapped as Huronian on the north 
shore. In the Michipicoten district iron-formation material, consist
ing of banded ferruginous sandstones, cherts, and jaspers, standing 
nearly vertical, extends from Little Gros Cap northeastward for twenty 
miles j then bending to the north and west it takes a westerly direction 
for more than thirty miles. The width of the belt is but a few hun
dred yards. 

Sandstones of the same peculiar type occur at Little Turtle Lake, 
east of Rainy Lake and near Fort Frances, on Rainy River, as well as 
at the Scramble gold mine, near Rat Portage, on Lake of the Woods . 

• COLEMAN, DR. A. P.: Copper and Iron Regions of Ontario, by A. P. 
COLEMAN. Report of the Ontario Bureau of Mines for 1900, pp. 143-191. 

• Upper and Lower Huronian in Ontario, by ARTHUR P. COLEMAN: Bull. Geol. 
Soc. Am., Vol. II, 1900, pp. 107-114. 
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Thin sections of these rocks show the same polygonal shapes of the 
grains of quartz, and more or less iron ore is associated with speci
mens from each locality. It is very probable, then, that the same 
horizon exists at points far to the west of Lake Superior. 

Turning toward the east, specimens very like the jaspery varieties 
of the Michipicoten iron range are found interbedded with iron ores 
near Lakes Wahnapitae and Temagami, between Sudbury and the 
Ottawa River. 

At Batchawana Bay at the southeast end of Lake Superior, a 
siliceous rock with narrow bands of magnetite occurs, which is prob
ably the equivalent of the Michipicoten rock. 

If, as seems probable, these jaspers are the equivalents of the west
ern Huronian sandstones, there is a definite horizon traceable from 
point to point across the whole northern end of the province, a dis
tance of more than six hundred miles. 

At a number of places over this area conglomerates, containing 
jasper, ferruginous sandstone or chert pe~bles, probably derived from 
the source above described, are known. Beginning at the west, some 
of these conglomerates occur as follows: on Shoal Lake, east of Rainy 
Lake; west c:nd of Schist Lake; near Mosher Bay, at the east end of 
Upper Manitou Lake; a mile east of Fort Frances on the Rainy 
River; near Rat Portage; near the mouth of Dore River; in the 
original Huronian area, north of Lake Huron, particularly the Thes
salon area; on Lake Temiscaming. 

It is assumed that the iron-formation material cannot be other 
than Lower Huronian, and that the conglomerates must represent a 
basal horizon of the Upper Huronian. The break between the Upper 
and Lower Huronian thus represented is a most profound one, and 
affords a good basis for the correlation of the Huronian formations. It is 
further suggested that this great unconformity may be' the same as 
that between the Upper and Lower Huronian formations on ~he south 
shore of Lake Superior and in Minnesota. 

Comment.-As stated by Dr. Coleman a number of the conglomer
ates above mentioned have been regarded by Pumpelly, Irving, Van Hise, 
and other United States geologists, as basal to the Lower Huronian -on 
structural evidence. Dr. Coleman places them in the Upper Huronian 
because they contain fragments of iron formation material which 
are assumed to be Lower Huronian. According to the generally 
accepted ideas of the number and relations of the pre-Cambrian 
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is a series of conglomerates, sandstones and shales. In a belt north 
of the northern belt of Lower Keweenawan rocks, extending from these 
rocks to the shore of Lake Superior, is the Lake Superior sandstone 
(Cambrian). This is either flat-lying or dips slightly toward Lake 
Superior. The junction of the sandstone with the Lower Keweenawan 
is marked by a fault, along which the Lake Superior sandstone has 
been depressed, in some places probably as much as several hundred 
feet. 

The Upper and Lower Keweenawan belts form a syncline, the axis 
of which runs northeast and southwest through the center of the tract 
underlain by Upper Keweenawan rocks. 

While the Keweenawan rocks of this area are the same in kind and 
age as are the productive copper-bearing rocks of Keweenaw Point, 
the probable unproductive character of the Douglas county rocks is 
intimated. 

Alexander Winchell' prefaces a detailed petrographical description 
of certain phases of the gabbroid rocks of Minnesota with a brief 
account of the general succession in structure of formations in north
eastern Minnesota. This is essentially the same as given by N. H. 
Winchell" in Volumes IV and V of the Minnesota State Survey .. The 
correlation of this succession with the succession determined by the 
United States Geological Survey is discussed. 

Commmt.- Mr. Winchell's ideas as to succession and structure 
determined by the United States Geological Survey are naturally 
derived mainly from Bulletin 86 of the Survey and from the" Princi
ples of Pre-Cambrian Geology" published in the Sixteenth Annual 
Report of the Survey. However, since these: reports have been issued, 
the United States Geological Survey has done somewhat detailed field 
work in northeastern Minnesota as a result of which the ideas of the 
United States geologists on the succession and correlation have been 
considerably changed. The new conclusions of the Survey are briefly 
outlined by Van Hise in the Twenty-first Annual Report. This paper 
should be referred to by anyone reading Mr. Winchell's discussion of 
the correlation. 

, Mineralogical and Petrographic study of the gabbroid rocks of Minnesota, and 
more particularly of the plagioclastites, by ALEXAlWER N. WINCHELL: American 
Geologist, Volume XXVI, 1900, General part, pp. 153-162, with geological sketch 
map of Northeastern Minnesota. 

• See summaries, JOUR. GEOL., Vol. IJf, pp. 79-86. 
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Van .Hise and Bayley' describe and map the geology of a portion 
of the Menominee iron district of Michigan. 

The pre-Cambrian succession is as follows: 

r 

Upper Menominee 

Algonkian - i I Unconformity 

l Lower Menominee 

Unconfo17llity 

r 
Archean i 

l 

rHanbury slate. I Vulcan formation. subdivided 1 into the Curry ore-bearing 
member. Brier slate. and 
Traders ore-bearing mem
ber. 

{
Negaunee formation. 
Randville dolomite. 
Sturgeon quartzite. 

iGranites and gneisses, cut by 
granite and diabase dikes. 

Quinnesec schists. cut by acid 
L and basic dikes and veins. 

In general the Algonkian rocks constitute a trough bounded on 
the north by the Archean rocks. 

The Archean.- The Quinnesec schists are dark green or black 
basic schists and spheroidal greenstones, cut by large dikes of gabbro, 
diabase. and granite, and by smaller dikes of a schistose quartz por
phyry. These occur in two areas, one along the Menominee River to 
the south of the Huronian rocks, and another in the west-central end 
of the district. 

Bordering the Algonkian trough on the north is a complex of 
granites, gneisses, hornblende schists, and a few greenstone schists, all 
cut by dikes of diabase and granite. This complex is called the 
"Northern Complex." Most of the Archean rocks are igneous. 
Although there is no evidence of this, some of the fragmental tuffs 
may have been water-deposited. The Quinnesec schists and the 
Northern Complex are called Archean because they resemble lithologi
cally other areas of Archean rocks in the Lake SupeIior country, and 
they both underlie the Algonkian series. The· Northern Complex 
underlies the series with unconformity. The Quinnesec schists have 

• The Menominee special folio, by CHARLES R. VAN HISE and S. W. BAYLEY: 

Geological Atlas of United States, Folio No. 62, U. S. Geol. Surv .• 1900. 
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not been observed in contact, and hence the presence or absence of a 
normal erosion unconformity cannot be inferred. 

The Lower Menominee series. - The formations of the Lower 
Menominee series are observed only in the center and on the northern 
side of the Menominee trough. The Sturgeon formation is composed 
mainly of a hard white vitreous quartzite forming a continuous border 
of bare hills bordering the Archean complex. At its base is a coarse 
conglomerate made up of d~bris from the underlying Archean com
plex. The belt is in general a southward dipping monocline with 
dips varying from 25 D to perpendicularity, although there are many 
reverse dips to the north. Its thickness is placed at from 1000 to 
1250 feet. 

Above, the Sturgeon quartzite grades into the Randville formation 
which is mainly a homogeneous dolomite interstratified with siliceous 
or argillaceous layers. This formation appears in three belts. The 
northern one is just south of the belt of the Sturgeon quartzite. The 
central belt is on the north side of Lake Antoine for a portion of 
its length, passes eastward between the Cuff and the Indiana mines, 
and ends at the bluff known as Iron Hill in the east half of Sec. 32, T. 
40 N., R. 29 W. The southern belt of dolomite extends all the way 
from the western side of the sandstone bluff west of Iron Mountain to 
the village of Waucedah, at the eastern end of the mapped area. 
Structurally the northern belt of dolomite is a southward dipping 
monocline, while the two southern belts are anticlines. The thickness 
is not determined on satisfactory evidence, but is probably 1000 feet 
or more. The Randville formation is found, in a number of mines. 
in contact with the basal formation of the Upper Menominee series 
Here there is a coarse conglomerate in the basal part of the overlying 
formation indicating unconformity. 

The Negaunee formation, overlying the Randville dolomite, is 
represented in the district by so few and so small outcrops that it is 
mapped with the Vulcan formation. Its presence is inferred mainly 
from the occurrence of abundant iron formation d~bris in the basal 
conglomerate of the Upper Menominee formation, showing that the 
L~wer Menominee iron-bearing series must have been present. In 
the Marquette district an iron-bearing formation (the Negaunee) occu
pies an exactly similar stratigraphical position. 

The Upper Menominee series.-The formations between the uncon
formity at the top of the Lower Menominee and the unconformity at 
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the base of the Lake Superior sandstone, are placed in the Upper 
Menominee series. These occur in two great series, the Vulcan and 
the Hanbury. 

The Vulcan formation is unconformable above the upper part of 
the Lower Huronian, which for most of the district is the Randville 
formation, and unconformable below the Hanbury slate. For parts of 
the district the Vulcan iron-bearing formation does not appear at all 
between the dolomite and the slate and its absence is explained by the 
unconformity between the Vulcan formation and the H~nbury slate. 
The Vulcan formation embraces three members. These are, from the 
base up, the Traders iron·bearing member, the Brier slate, and the 
Curry iron·bearing member. They are mapped as a single formation. 
The principal area of the Vulcan iron formation is in the belt 900 to 
J 300 feet wide, following the sinuosities of the southern border of the 
southern belt of Randvi1le dolomite. It is generally absent north of 
the southern belt except at the east end where it appears at the Loretto 
mine and eastward. The second important area of Vulcan iron for
mation stretches off about five miles along the south side of the central 
dolomite belt running north of Lakes Antoine and Fumee, and ending 
somewhere about the east line of Range 30 ~est. At the east end of 
the dolomite area the iron·bearing formation appears in the lean slates 
at Iron Hi1l. The third stretch of country in which the iron·bearing 
beds are to be expected is that which borders the northern dolomite 
belt, but while pits have shown the existence of the formation here its 
distribution is unknown. The other areas in which the Vulcan for· 
mation may occur are those bordering the Quinnesec schists, but this 
has not yet been determined. 

The Traders member consists of ferruginous conglomerate, ferru
ginous quartzite, heavily ferruginous quartzose slates and iron ore 
deposits. The Brier member consists of heavy black ferruginous and 
quartzose slates. The Curry member consists of interbedded japsilite, 
ferruginous quartzose slates and iron ore deposits. The relations of 
the Traders and Brier Hi1l members where there has been no disturb
ance of the strata is that of gradation. Where there has been disturb
ance, as in the vicinity of Norway, there has been a zone of differential 
movement between the two, resulting in slickensides and brecciated 
zones. Between the Brier slates and the Curry member there is gra
dation. 

The Vulcan formation is bent into folds of several orders of 
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magnitude, the greater ones corresponding approximately to the folds 
in the underlying Randville dolomite. The total· thickness of the 
formation is probably 600 to 700 feet. 

The iron ore deposits of large size rest upon relatively impervious 
formations, which are in such positions as to constitute pitching 
troughs. A pitching trough may be made (0) by the dolomite forma
tion ~nderlying the Traders member of the Vulcan formations, (b) by 
a slate constituting the lower part of the Traders member, and (c) by 
the Brier slate between the Traders and Curry members of the Vulcan 
formation. The dolomite formation is especially likely to furnish an 
impervious basement where its upper horizon has been transformed 
into a talc-schist, as a consequence of folding and shearing between 
the formations. 

Unconformably above the Vulcan iron formation is the Hanbury 
formation, which forms three large belts in the syncline of the older 
rocks, and occupies a very large proportion of the district. The for
mation comprises clay slates, calcareous slates, graphite slates, gray
wackes, quartzite, ferruginous dolomite, and rare bodies of ferruginous 
chert and iron oxide. The formation is much thicker than any of the 
other formations of the district, but it is probably not thicker than 
2000 or 3000 feet. 

Wilder' describes and maps the Sioux quartzites and quartz por
phyries of Lyon county, Iowa. No points concerning the stratigraphy 
or age have been added to those already given by other writers. 

Bain' describes the geology of the Wichita Mountains. Gabbros 
and porphyries of pre-Cambrian and probably of Archean age are 
present. The gabbro is more prominent in the western portion of the 
mountains, being especially well developed in the Raggedy Mountains, 
and the porphyry is more common in the eastern part of the moun
tains, being typically developed at Carrollton Mountain. 

Matthews 3 gives a detailed petrographical description of the gran
ites of the Pike's Peak quadrangle of Colorado. They are referred to 
the late Algonkian period. 

'Geology of Lyon counly, by FRANK A. WILDER: Iowa Geo!. Surv., Vol. X, 
1899, pp. 96-108. . 

• Geology of Wichita Mountains, by H. FOSTER RAIN: Bull. Geol. Soc. Am., Vol. 
XI, 1900, pp. 127-144, Pis. XV-XVII. 

3 The Granite Rocks of the Pike's Peak Quadrangle, by A. B. MATTHEWS: JOUR. 
GEOL., Vol. VIII, 1900, pp. 214-240. 
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Cross z maps and describes the geology of the Telluride quadrangle, 
Colorado, and briefly sketches the geology of the San Juan region, of 
which the Telluride quadrangle is a part. 

In the Telluride quadrangle, along Canyon Creek north of Stony 
Mountain, is a small body of upturned quartzites, with an intercalated 
rhyolite sheet, which have been referred to the Algonkian. The 
quartzites are coarse and grade into fine conglomerate. 

Ancient granites, gneisses, and schists are known in the Animas 
Valley and in the Uncompahgre plateau. These rocks have usually 
been considered as belonging to the Archean, but some of them are 
probably younger th~n the great series of quartzites exhibited in the 
Needle Mountains to the south, and younger than the quartzites 
beneath the volcanics in the canyons of the Uncompahgre, above 
Ouray, which have been referred to the Algonkian. These quarlzites 
stand on edge or have been greatly disturbed. The relations of these 
isolated exposures to contemporaneous formations elsewhere are 
unknown. 

Spurr· maps and briefly describes the Archean 3 granite of the 
Aspen district of Colorado. This is unconformably below and in 
direct contact with sediments of upper Cambrian age. 

Davis· in a general account of a trip through the Colorado Canyon 
district briefly describes certain features of the pre-Cambrian geology. 
He calls attention to the extraordinary evenness of the floor of schists 
with granite dikes (Archean) upon which the Chuar and Unkar ter
ranes (Algonkian) rest. The floor for the Paleoioic strata is somewhat 
less regular than the floor for the Unkar. In two places the pre-Cam
brian rocks rise higher than the basal Tonto (Cambrian) sandstone. 
The Archean schists beneath the Unkar have a steep and regular slope, 
indicating uniform resistance to erosion. Where, beneath the Tonto, 
they show a bench, it is taken to indicate a softer character at 
this point, probably due to a longer period of pre-Tonto weather
ing. 

z Telluride Folio, Colorado, by WHITMAN CROSS: Geol. Atlas of the U. S., No. 
57, 1899. 

"Geology of the A~pen Mining District, Colorado, with Atlas, by J. E. SPURR: 
Mon. U. S. Geol. Surv., No. 31, 1898, pp. 1-4. 

3 The term Archean is evidently used in the sense of pre-Camhrian • 

• Notes on the Colorado Canyon District, by W. M. DAVIS: Am. Jour. Sci., 4th 
&er., Vol. X, 1900, pp. 251-259. 
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Kemp and Newland I make a preliminary report on the geology of 
Washington, Warren, and parts of Essex and Hamilton counties, New 
York. Some of the points particularly noted are: 

The excessive mashing and granulation of the gneisses, giving them 
in places semblance to quartzite. The greenish gneisses, consisting in 
largest part of microperthite, were originaIly eruptive rocks. The dis
covery is reported of quartzose gneisses or foliated quartzites which are 
certainly metamorphosed sediments. They form notable areas along 
the head of South Bay, WhitehaIl township. Their presence indicates 
the probable presence of a considerable series of clastic sediments. 
The crystalline limestones themselves have been found in small expo
sures over almost all of Warren county, and generally in the crystal
line belt of Washington. They are most extensive in Newcomb and 
Minerva townships of Essex, and to the south become thinner and 
more scattered. So far as we have observed they are less common in 
eastern Hamilton county. There is evidence to show that strati
graphical relations can be proven and that anticlines and synclines can 
be demonstrated. 

Dikes of basic gabbro qsuaIly of moderate width, but lithologi
cally like the larger masses in Essex county, have been met over a wide 
area-in fact almost every township in Warren, but the basaltic traps 
almost disappear. 

Kemp· summarizes the present knowledge of the pre-Cambrian 
rocks of the Adirondacks. Most" of the features have been covered in 
previous articles. Attention is called to the distribution of the sedimen
tary crystalline rocks, the Oswegatchie series (equivalent to the Gren
ville series of Adams and perhaps the Huronian). These consist of 
limestones, sedimentary gneisses, and quartzites. They occupy greater 
area than has been supposed. The limestones are found chiefly in 
the northwest, and the southeast or eastern portions of the Adirondack 
area of crystalline rocks. They are in small quantity, or altogether 
absent in the northern portion, in the broad belt running from 

I Preliminary Rept. on the Geology of Washington, Warren, parts of Essex and 
Hamilton counties, by J. F. KEMP and D. H. NEWLAND: Rept. of the New York 
State Geologist for 1897, published in Fifty-first Ann. Rept., New York State 
Museum, Vol. II, 1899, pp. 499-553 . 

• Pre-Cambrian Sediments in the Adirondacks, by J. F. KEMP: Vice Presiden
tial address published in the Proceedings of the A. A. A. S., Vol. XLIX, 1900, pp. 
157-184. 
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northeast to southwest across the area, and along the southern and 
southwestern border. On the northwest they are in e~tended and 
comparatively broad belts, but in the eastern portion they appear in 
many small and separated exposures, associated with some quartzites 
and much greater amounts of characteristic gniesses, but greatly 
broken up by igneous intrusions. The quartzites thus far known are 
in small quantity, but such as they are, they are found principally in 
the eastern portions of the area, where the limestones are thinnest 
and most scattered. From the presence of t-he quartzites it is inferred 
that clastic sediments must have been pre!ent in larger amounts than 
has heretofore been realized. On the east it has not been proven 
that sediments form synclines pinched into the underlying gneissoid 
rocks. On the contrary they seem to constitute low, dipping, flat 
monoclines. 

Co",,,,ent.- The complex geology of the Adirondack crystalline 
rocks is being rapidly worked out by Kemp, Smyth, Cushing, and 
others. The frequent brief papers issued by these geologists in nearly 
all cases report some important advance in the solution of their prob
lem. The precise relations of these advances to the general problem 
may not be clear to the average geological reader, too busily engaged 
to follow the subject closely, and for such the general summary of 
Adirondack .geology given by Kemp I will be of value. 

In a previous comment' on Adirondack geology the state of 
geological knowledge, as indicated by the literature on the subject 
then available, was briefly summarized by the writer, and here atten
tion will be called only to later developments. One of the most 
interesting of these is the extension of the areas of pre-Cambrian 
sedimentary and associated rocks, and the corresponding contraction 
in the area of the great Adirondack ·gabbro. This was "formerly 
supposed to occupy the great central area of the Adirondacks with 
the pre· Cambrian sediments and the associated gneisses around its 
periphery. Recent work seems to show that the area is occupied by 
gneisses, with narrow limestone belts, cut through on the east by a 
number of immense intrusions of gabbro. Another advance is the 
discovery of greater quantities of clastic sediment than have before 

• Pre-Cambrian Sediments in the Adirondacks, by J. F. KEMP: Vice Presiden· 
tial address published in Proceedings of the A. A. A. S., Vol. XLIX. 1900, pp. 
157-184. 

• JOUR. GEOL., Vol. VII, pp. 410-411. 
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been realized in the eastern portion of the Adirondack area, where 
the limestone is thinnest. The main problem of the region, the origin 
of the gneisses, is as yet far from settlement. The tendency is, how
ever, to ascribe to them an igneous origin, and to place them later 
than the Oswegatchie series, in the areas where they have been most 
closely studied. 

Jones,' in connection with a description of Tallulah Gorge of north
eastern Georgia, describes the crystalline rocks there occurring, and 
gives a little sketch map showing their relations. They are called 
pre· Cambrian. 

Watson· describes the granitic rocks of the Piedmont plateau of 
Georgia. Field and laboratory studies indicate that they are not all 
contemporaneous in orlgm. Some of them are pre-Cambrian, while 
others may possibly be later in age. 

Adams 3 describes the Laurentian granitoid gneiss and granite of 
the Admiralty group of the Thousand Islands, Ontario. The granitoid 
gneiss is presumably derived by metamorphism from the granite. A 
large exposure of crystalline limestone on Island No. 18 resembles in 
all respects that of the Grenville series of the mainland adjacent. 

Parks 4 describes the geology of the Moose River Basin in Canada, 
including the Moose and Abitibi Rivers, tributary to James Bay. This 
is an immense triangular area of which the apex is at James Bay, and 
the base stretches from above Lake Abitibi to a point west of Kabina
kagami. The southern and major portion of this triangular area con
sists of Laurentian gneisses and granites crossed, by bands of Huronian 
rocks. Along the Abitibi River, Huronian rocks, consisting of 
altered diorites, pyrites, gray quartz schists, and some soft decom
posed schists occupy the country to the south, extending as far north 
as the head of the first long rapid on the Frederick House River. The 
line of contact of this belt crosses the Abitibi below the Iroquois 

• The Geology of the Tallulah Gorge, by S. P. JONES: American Geologist. 
Vol. XXVII, 1901, pp. 67-75. 

"The Granitic Rocks of Georgia and Their Relationships, by T. L. WATSON: 
American Geologist, Vol. XXVII, 1901, pp. 223-225. 

3 Notes on the Geology of the Admiralty Group of the Thousand Islands, by 
Jo"RANK D. ADAMS: Can. Rec. of Sci., Vol. VII, 1897, pp. 267-272. 

4 PARKS, WILLIAM A.: The Nipissing-Algoma boundary, Eighth Rept.Ont. Bur. 
Mines, 1899, pp. 175-204, with geological map; Niven's base line, Ninth Rept. Onto 
Bur. Mines, 1900, pp. 12S-142; The Huronian of the Moose River Basin, University 
of Toronto Studies, Geol. Series No. I, 1900, pp. 35, with sketch map. 
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Falls. From this point to the Lobstick portage, Laurentian gneisses 
and mica schists crop out occasionally. The narrow Huronian belt 
from the Lobstick to the foot of the canyon· or Long Portage, consists 
mainly of augite-syenite, passing into gabbro to the north. Beyond 
this portage Laurentian gneiss extends to the Devonian contact above 
the Sextant rapids. 

Coleman I gives a general account of a visit to all the iron and 
copper regions of the Lake Superior country. For the ranges on the 
United States side of the boundary no facts are given not found in the 
published reports. On the Canadian side of the boundary the Michi
picoten Range, the iron formation near Dog River, and the siliceous 
iron ores of Batchawana Bay are described. In the Michipicoten 
range the Helen mine in particular is referred to. In general, the rocks, 
including the ore at this mine, have all the appearance of Lower 
Huronian or Keewatin rocks, as in the Vermilion district, and not 
those of the Upper Huronian or Animikie, as in the Mesaba. 

Near Dog River are iron formation rocks similar to those extend· 
ing northeast from Michipicoten bay. It is thought probable that 
the two may connect. 

The occurrence and relations of iron formation material northeast 
from Michipicoten Bay and near Dog River are indicated on a sketch 
map. 

Coleman,' as a result of an examination of the new Michipicoten 
iron district, and the consideration of other iron formation areas in 
Ontario, has collected facts which seem to throw some light on the 
relative ages of the different areas mapped as Huronian on the north 
shore. In the Michipicoten district iron-formation material, consist
ing of banded ferruginous sandstones, cherts, and jaspers, standing 
nearly vertical, extends from Little Gros Cap northeastward for twenty 
miles; then bending to the north and west it takes a westerly direction 
for more than thirty miles. The width of the belt is but a few hun
dred yards. 

Sandstones of the same peculiar type occur at Little Turtle Lake, 
east of Rainy Lake and near Fort Frances, on Rainy River, as well as 
at the Scramble gold mine, near Rat Portage, on Lake of the Woods. 

'COLEMAN, DR.. A. P.: Copper and Iron Regions of Ontario, by A. P. 
COLEMAN. Report of the Ontario Bureau of Mines for 1900, pp. 143-191. 

• Upper and Lower Huronian in Ontario, by AR.THUR. P. COLEMAN: Bull. Geol. 
Soc. Am., Vol. II, 1900, pp. 107-114. 
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Thin sections of these rocks show the same polygonal shapes of the 
grains of quartz, and more or less iron ore is associated with speci
mens from each locality. It is very probable, then, that the same 
horizon exists at points far to the west of Lake Superior. 

Turning toward the east, specimens very like the jaspery varieties 
of the Michipicoten iron range are found interbedded with iron ores 
near Lakes Wahnapitae and Temagami, between Sudbury and the 
Ottawa River. 

At Batchawana Bay at the southeast end of Lake Superior, a 
siliceous rock with narrow bands of magnetite occurs, which is prob
ably the equivalent of the Michipicoten rock. 

If, as seems probable, these jaspers are the equivalents of the west
ern Huronian sandstones, there is a definite horizon traceable from 
point to point across the whole northern end of the province, a dis
tance of more than six hundred miles. 

At a number of places over this area conglomerates, containing 
jasper, ferruginous sandstone or chert pe~bles, probably derived from 
the source above described, are known. Beginning at the west, some 
of these conglomerates occur as follows: on Shoal Lake, east of Rainy 
Lake; west c:nd of Schist Lake; near Mosher Bay, at the east end of 
Upper Manitou Lake; a mile east of Fort Frances on the Rainy 
River; near Rat Portage; near the mouth of Dore River; in the 
original Huronian area, north of Lake Huron, particularly the Thes
salon area; on Lake Temiscaming. 

It is assumed that the iron-formation material cannot be other 
than Lower Huronian, and that the conglomerates must represent a 
basal horizon of the Upper Huronian. The break between the Upper 
and Lower Huronian thus represented is a most profound one, and 
affords a good basis for the correlation of the Huronian formations. It is 
further suggested that this great unconformity may be the same as 
that between the Fpper and Lower Huronian formations on ~he south 
shore of Lake Superior and in !\Iinnesota. 

(~·","u"I,-·As stated by Dr, Coleman a number of the conglomer
ates above mentioned ha,'e been re~arded by Pumpelly, Irving, Van Hise, 
and otht'r l'nited St;ltes geologists, as basal to the Lower Huronian - on 
stnlt'tural evidence, Dr. Cokman pla(.'es them in the l"pper Huronian 
ht't'.H1se tht'Y ('ont,lin fr;l~ment$ of iron formation material which 
:In' ;l"$umt'd to ht' l.ower Huronian, According to the generally 
;\c\'t·ptt·d idt·.\" of tht' lllllllht'r and relations of the pre-Cambrian 
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iron bearing formations, this assumption is perfectly justified and 
the conclusion follows as to the Upper Huronian age of the typical 
conglomerates mentioned. 

But, lately evidence has been accumulated pointing to a conclusion 
of a rather radical nature. This evidence has been such that Van 
Hise' in a general article on the iron bearing formations of the Lake 
Superior country just published, describes three iron bearing forma
tions, the Upper Huronian, Lower Huronian, and Archean. The 
most important of the Archean iron bearing formations are the Ver
milion and the Michipicoten. 

Van Hise himself in his published articles on the pre· Cambrian 
has persistently maintained the essentially non-clastic nature of the 
Archean, and the post-Archean age of all the iron bearing formations 
of the Lake Superior country. ·But new evidence on the subject, 
secured principally during the past year, has been so decisive that he 
has not hesitated to announce as proven the existence of an Archean 
or Basement Complex iron-bearing formation. 

If there is an Archean iron formation, to which the Michipicoten 
and Vermilion iron formations belong, then Dr. Coleman's argument 
as to the Upper Huronian age of conglomerates containing iron for
mation fragments is rendered ineffective, and the conclusions indicated 
by the structural evidence that the great conglomerates and accom
panying rocks above described are Lower Huronian must stand. until 
decisive evidence to the contrary is found. 

Grant" describes and maps the Upper and Lower Keweenawan 
copper-bearing rocks of Douglas county, Wisconsin. The Lower 
Keweenawan appears in a broad belt running from northeast to south
west across the county, widening toward the southwest, and in a small 
belt cutting through the southeastern corner of the county. It COll

sists mainly of basic lava Hows, associated with which, in the area in 
the southeast corner of the county, are a few beds of conglomerate 
composed of debris of the closely adjacent underlying rocks. The 
Upper Keweenawan appears in a broad belt in the southeastern part 
of the county between the two belts of Lower Keweenawan rocks. It 

• The iron-ore deposits of the Lake Superior region, by C. R. VAN HISE: 
Twenty-first Ann. Rept. U. S. Geol. Surv., Pt. Ill, 1901, p. 322. 

• Preliminary Report on Copper Bearing Rocks in Douglas county, Wisconsin, by 
U. S. GKANT: Wisconsin Geological and Natural History Survey, Vol. VI, 1900, pp. 
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is a series of conglomerates, sandstones and shales. In a belt north 
of the northern belt of Lower Keweenawan rocks, extending from these 
rocks to the shore of Lake Superior, is the Lake Superior sandstone 
(Cambrian). This is either flat-lying or dips slightly toward Lake 
Superior. The junction of the sandstone with the Lower Keweenawan 
is marked by a fault, along which the Lake Superior sandstone has 
been depressed, in some places probably as much as several hundred 
feet. 

The Upper and Lower Keweenawan belts form a syncline, the axis 
of which runs northeast and southwest through the center of the tract 
underlain by Upper Keweenawan rocks. 

While the Keweenawan rocks of this area are the same in kind and 
age as are the productive copper-bearing rocks of Keweenaw Point, 
the probable unproductive character of the Douglas county rocks is 
intimated. 

Alexander Winchell I prefaces a detailed petrographical description 
of certain phases of the gabbroid rocks of Minnesota with a brief 
account of the general succession in structure of formations in north
eastern Minnesota. This is essentially the same as given by N. H. 
Winchell" in Volumes IV and V of the Minnesota State Survey .. The 
correlation of this iiuccession with the succession determined by the 
United States Geological Survey is discussed. 

Comment.- Mr. Winchell's ideas as to succession and structure 
determined by the United States Geological Survey are naturally 
derived mainly from Bulletin 86 of the Survey and from the" Princi
ples of Pre·Cambrian Geology" published in the Sixteenth Annual 
Report of the Survey. However, since these: reports have been issued, 
the United States Geological Survey has done somewhat detailed field 
work in northeastern Minnesota as a result of which the ideas of the 
United States geologists on the succession and correlation have been 
considerably changed. The new conclusions of the Survey are briefly 
outlined by Van Hise in the Twenty.first Annual Report. This paper 
should be referred to by anyone reading Mr. Winchell's discussion of 
the correlation. 

• Mineralogical and Petrographic study of the gabbroid rocks of Minnesota. and 
more particularly of the plagioclastites, by ALEXA~DER. N. WINCHELL: American 
Geologist, Volume XXVI, 1900, General part, pp. 153-162, with geological sketch 
map of Northeastern Minnesota. 

• See summaries, JOUR. GEOL., Vol. I:lf, pp. 7cr86. 
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Van .Hise and Bayley· describe and map the geology of a portion 
of the Menominee iron district of Michigan. 

The pre· Cambrian succession is as follows: 

r 

Upper Menominee 

Algonkian -

1 U~'fonoity 
l Lower Menominee 

UllcolI/ol7lli'y 

r 
Archean 1 

rHanbury slate. I Vulcan formation, subdivided 1 into the Curry ore-bearing 
member, Brier slate, and 
Traders ore-bearing mem
ber. 

{
Negaunee formation. 

Randville dolomite. 

Sturgeon quartzite. 

iGranites and gneisses, cut by 
granite and diabase dikes. 

Quinnesec schists, cut by acid 
l and basic dikes and veins. 

In general the Algonkian rocks constitute a trough bounded on 
the north by the Archean rocks. 

The Archean.- The Quinnesec schists are dark green or black 
basic schists and spheroidal greenstones, cut by large dikes of gabbro, 
diabase, and granite, and by smaller dikes of a schistose quartz por
phyry. These occur in two areas, one along the Menominee River to 
the south of the Huronian rocks, and another in the west-central end 
of the district. 

Bordering the Algonkian trough on the north is a complex of 
granites, gneisses, hornblende schists, and a few greenstone schists, all 
cut by dikes of diabase and granite. This complex is called the 
"Northern Complex." Most of the Archean rocks are igneous. 
Although there is no evidence of this, some of the fragmental tuffs 
may have been water-deposited. The Quinnesec schists and the 
Northern Complex are callt:d Archean because they resemble lithologi
cally other areas of Archean rocks ill the Lake Superior country, and 
they both underlie the Algonkian series. The -Northern Complex 
underlies the series with unconformity. The Quinnesec schists have 

'The Menominee special folio, by CHARLES R. VAN HISE and S. W. BAYLEY: 

Geological Atlas of United States, Folio No. 62, U. S. Geol. Surv., 1900. 
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not been observed in contact, and hence the presence or absence of a 
normal erosion unconformity cannot be inferred. 

The Lower Menominee series. - The formations of the Lower 
Menominee series are observed only in the center and on the northern 
side of the Menominee trough. The Sturgeon. formation is composed 
mainly of a hard white vitreous quartzite forming a continuous border 
of bare hills bordering the Archean complex. At its base is a coarse 
conglomerate made up of debris from the underlying Archean com
plex. The belt is in general a southward dipping monocline with 
dips varying from 25° to perpendicularity, although there are many 
reverse dips to the north. Its thickness is placed at from 1000 to 
1250 feet. 

Above, the Sturgeon quartzite grades into the Randville formation 
which is mainly a homogeneous dolomite interstratified with siliceous 
or argillaceous layers. This formation appears in three belts. The 
northern one is just south of the belt of the Sturgeon quartzite. The 
central belt is on the north side of Lake Antoine for a portion of 
its length, passes eastward between the Cuff and the Indiana mines, 
and ends at the bluff known as Iron Hill in the east half of Sec. 32, T. 
40 N., R. 29 W. The southern belt of dolomite extends all the way 
from the western side of the sandstone bluff west of Iron Mountain to 
the village of Waucedah, at the eastern end of the mapped area. 
Structurally the northern belt of dolomite is a southward dipping 
monocline, while the two southern belts are anticlines. The thickness 
is not determined on satisfactory evidence, but is probably 1000 feet 
or more. The Randville formation is found, in a number of mines. 
in contact with the basal formation of the Upper Menominee series 
Here there is a coarse conglomerate in the basal part of the overlying 
formation indicating unconformity. 

The Negaunee formation, overlying the Randvillc dolomite, is 
represented in the district by so few and so small outcrops that it is 
mapped with the Vulcan formation. Its presence is inferred mainly 
from the occurrence of abundant iron formation debris in the basal 
conglomerate of the Upper ~lenominee formation, showing that the 
L~wer Menominee iron-bearing series must have been present. In 
the Marquette district an iron-bearing formation (the Negaunee) occu
pies an exactly similar stratigraphical position. 

The Up/'tr 4Ifellt'""iru sen'ts.-The formations between the uneon
formit)· at the top of the Lower ~Ienominee and the unconformity at 
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the base of the Lake Superior sandstone, are placed in the Upper 
Menominee series. These occur in two great series, the Vulcan and 
the Hanbury. 

The Vulcan formation is unconformable above the upper part of 
the Lower Huronian, which for most of the district is the Randville 
formation, and unconformable below the Hanbury slate. For parts of 
the district the Vulcan iron-bearing formation does not appear at all 
between the dolomite and the slate and its absence is explained by the 
unconformity between the Vulcan formation and the H~nbury slate. 
The Vulcan formation embraces three members. These are, from the 
base up, the Traders iron-bearing member, the Brier slate, and the 
Curry iron-bearing member. They are mapped as a single formation. 
The principal area of the Vulcan iron formation is in the belt 900 to 
1300 feet wide, following the sinuosities of the southern border of the 
southern belt of Randville dolomite. It is generally absent north of 
the southern belt except at the east end where it appears at the Loretto 
mine and eastward. The second important area of Vulcan iron for
mation stretches off about five miles along the south side of the central 
dolomite belt running north of Lakes Antoine and Fumee, and ending 
somewhere about the east line of Range 30 :West. At the east end of 
the dolomite area the iron·bearing formation appears in the lean slates 
at Iron Hill. The third stretch of country in which the iron-bearing 
beds are to be expected is that which borders the northern dolomite 
belt, but while pits have shown the existence of the formation here its 
distribution is unknown. The other areas in which the Vulcan for
mation may occur are those bordering the Quinnesec schists, but this 
has not yet been determined. 

The Traders member consists of ferruginous conglomerate, ferru
ginous quartzite, heavily ferruginous quartzose slates and iron ore 
deposits. The Brier member consists of heavy black ferruginous and 
quartzose slates. The Curry member consists of interbedded japsiIite, 
ferruginous quartzose slates and iron ore deposits. The relations of 
the Traders and Brier Hill members where there has been no disturb
ance of the strata is that of gradation. Where there has been disturb
ance, as in the vicinity of Norway, there has been a zone of differential 
movement between the two, resulting in slickensides and brecciated 
zones. Between the Brier slates and the Curry member there is gra
dation. 

The Vulcan formation is bent into folds of several orders of 
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magnitude, the greater ones corresponding approximately to the folds 
in the underlying Randville dolomite. The total· thickness of the 
formation is probably 600 to 700 feet. 

The iron ore deposits of large size rest upon relatively impervious 
formations, which are in such positions as to constitute pitching 
troughs. A pitching trough may be made (a) by the dolomite forma
tion underlying the Traders member of the Vulcan formations, (b) by 
a slate constituting the lower part of the Traders member, and (c) by 
the Brier slate between the Traders and Curry members of the Vulcan 
formation. The dolomite formation is especially likely to furnish an 
impervious basement where its upper horizon has been transformed 
into a talc-schist, as a consequence of folding and shearing between 
the formations. 

Unconformably above the Vulcan iron formation is the Hanbury 
formation, which forms three large belts in the syncline of the older 
rocks, and occupies a very large proportion of the district. The for
mation comprises clay slates, calcareous slates, graphite slates, gray
wackes, quartzite, ferruginous dolomite, and rare bodies of ferruginous 
chert and iron oxide. The formation is much thicker than any of the 
other formations of the district, but it is probably not thicker than 
2000 or 3000 feet. 

Wilder' describes and maps the Sioux quartzites and quartz por
phyries of Lyon county, Iowa. No points concerning the stratigraphy 
or age have been added to those already given by other writers. 

Bain' describes the geology of the Wichita Mountains. Gabbros 
and porphyries of pre· Cambrian and probably of Archean age are 
present. The gabbro is more prominent in the western portion of the 
mountains, being especially well developed in the Raggedy Mountains, 
and the porphyry is more common in the eastern part of the moun
tains, being typically developed at Carrollton Mountain. 

Matthews 3 gives a detailed petrographical description of the gran
ites of the Pike's Peak quadrangle of Colorado. They are referred to 
the late Algonkian period. 

'Geology of Lyon county, by FRANK A. WILDER: Iowa Geol. Surv., Vol. X, 
1899, pp. 96-108. . 

• Geology of Wichita Mountains, by H. FOSTER. BAIN: Bull. Geol. Soc. Am., Vol. 
XI, 1900, pp. 127-144, PIs. XV-XVII. 

3 The Granite Rocks of the Pike's Peak Quadrangle, by A. B. MATTHEWS: JOUR.. 
GEOL., Vol. VIII, 1900, pp. 214-240. 
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Cross I maps and describes the geology of the Telluride quadrangle, 
Colorado, and briefly sketches the geology of the San Juan region, of 
which the Telluride quadrangle is a part. 

In the Telluride quadrangle, along Canyon Creek north of Stony 
Mountain, is a small body of upturned quartzites, with an intercalated 
rhyolite sheet, which have been referred to the Algonkian. The 
quartzites are coarse and grade into fine conglomerate. 

Ancient granites, gneisses, and schists are known in the Animas 
Valley and in the Uncompahgre plateau. These rocks have usually 
been considered as belonging to the Archean, but some of them are 
probably younger tha:n the great series of quartzites exhibited in the 
Needle Mountains to the south, and younger than the quartzites 
beneath the volcanics in the canyons of the Uncompahgre, above 
Ouray, which have been referred to the Algonkian. These quartzites 
stand on edge or have been greatly disturbed. The relations of these 
isolated exposures to contemporaneous formations elsewhere are 
unknown. 

Spurr" maps and briefly describes the Archean 3 granite of the 
Aspen district of Colorado. This is unconformably below and in 
direct contact with sediments of upper Cambrian age. 

Davis~ in a general account of a trip through the Colorado Canyon 
district briefly describes certain features of the pre· Cambrian geology. 
He calls attention to the extraordinary evenness of the floor of schists 
with granite dikes (Archean) upon which the Chuar and Unkar ter
ranes (Algonkian) rest. The floor for the Paleozoic strata is somewhat 
less regular than the floor for the Unkar. In two places the pre·Cam
brian rocks rise higher than the basal Tonto (Cambrian) sandstone. 
The Archean schists beneath the Unkar have a steep and regular slope, 
indicating uniform resistance to erosion. Where, beneath the Tonto, 
they show a bench, it is taken to indicate a softer character at 
this point, probably due to a longer period of pre-Tonto weather
ing. 

I Telluride Folio, Colorado, by WHITMAN CROSS: Geol. Atlas of the U. S., No. 

57, 1899. 
"Geology of the Afpen Mining District, Colorado, with Atlas, by J. E. SPURR: 

Mon. U. S. Geol. Surv., No. 31, 1898, pp. 1-4. 

3 The term Archean is evidently used in the sense of pre·Cambrian. 

4 Notes on the Colorado Canyon District, by W. M. DAVIS: Am. Jour. Sci., 4th 
ser., Vol. X, 1900, pp. 251-259. 
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Blake I refers to the Archean the thick layers of gneiss forming the 
southern flank of the Santa Catalina Mountains, Arizona. The gneiss 
is in flat layers representing beds. A part of it is augen gneiss; other 
layers are quartzose and seemingly quartzites. 

Knight' in connection with the discussion of the artesian basins of 
Wyoming gives a brief description, accompanied by a map, of the 
geology of the state. Algonkian and Archean rocks are present. The 
Archean rocks consist mainly of granite, in places cut by dikes of 
porphyry containing mineral ores, which can be seen in typical expos
ure at Sherman, Laramie Peak, east of Whalen Canyon, along the Big 
Horn, Wind River, Gros Ventre, Medicine Bow, Ferris, Seminoe, and 
Owl Creek ranges, along the Sweetwater River, a few miles northwest 
of Rawlins, and north of Clark's Fork, in Big Horn county. 

The Algonkian rocks are for the first time separated from the 
Archean. They consist of schists in great profusion, marbles, and 
quartzites, all cut with dikes of eruptive rocks. They occur in granite 
basins in unconformity with the Archean, and form important bands 
in numerous localities. The strike of the series varies from north 
to northeast and the dip of the strata is seldom less than 65-75°. 
The thickness of the entire series has not been absolutely measured, 
but including the eruptive band, which does not form an important 
part, the maximum thickness in Wyoming is about 20,000 feet. Typical 
areas have been found in the Black Hills in Wyoming, and occasional 
outcrops from that place to the Hartville hills-one exposure being 
east of Lusk, another at Rawhide Butte, and a large one in Whalen 
Canyon. They also occur at Halleck Canyon, Plumbago Canyon, in 
the Medicine Bow Mountains, nearly all of the Sierra Madre Moun
tains, in the Seminoe Mountains and in the Sweetwater mining district 
of the Wind River range. None of these localities have been examined 
in detail; but sufficient work has been done to prove that these rocks 
were at one time sedimentary, and that they have been changed by 
metamorphism to schists. In the Sweetwater districts the rocks are 
chiefly schists; but there are many bands of erruptive rock that form 
dikes which follow the strike of the formation. 

I Mining in ,Arizona, by WM. P. BLAKE: published in report of the Governor of 
Arizona to the Secretary of the Interior, Washington, 1899, p. 142. 

• A preliminary Report on the Artesian Basins of Wyoming, by WILBUR C. 
K~IGHT: Wyoming Experiment Station, Bulletin No. 45, 1900. Part on pre-Cam
brian, pp. II 1-116. With geological map. This is the first geological map of Wyo
ming that has appeared. 
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Weed I maps and describes the pre-Cambrian rocks in the Fort 
Benton and Little Belt Mountains quadrangles of Montana_ 

The Archean rocks are found only in the Little Belt range in the 
southwestern part of the Fort Benton quadrangle and in the north
western part of the Little Belt Mountains quadrangle. They are 
gneisses and schists of various ki Ilds, and of somewhat uncertain 
origin_ They are, in part at least, of igneous origin, and none of 
them show any traces of sedimentary origin. Their relations to the 
Algonkian rocks are those of unconformity. The Algonkian rocks 
are found in the mountain tracts of the Little Belt range, in Castle 
Mountain, and in the low range crossed by Sixteen mile Creek in the 
southwest corner of the Little Belt Mountain quadrangle. They are 
divided into the Neihart quartzite and the Belt formation,' both of 
which are parts of what Mr. Walcott has called the Belt Terrane. 

The Neihart quartzite is a hard pink and gray quartzite forming 
the base of the Belt Terrane for this area. It is found in the vicinity 
of Neihart in the Little Belt Mountains. Its thickness is about six 
hundred feet. The Belt formation consists mainly of slaty, siliceous 
shales, but also contains interbedded limestone and quartzite. Fossils 
found in this series (in the shales above the formation which Mr. 
Walcott has named the Newland limestone member of the Belt Ter
rane), represent the earliest forms of life yet known. Near Neihart 
the Algonkian period is represented by 4000 feet of beds, while further 
south and west the thickness is much greater. 

Overlying the Algonkian rocks conformably are rocks containing 
Middle Cambrian fossils. North of Neihart they rest directly on the 
Archean. 

Reconnaissance geological surveys in Alaska and adjacent portions 
of British Columbia, by United States and Canadian government 
parties, have shown the basal rock over considerable areas to be a 
granite, which is provisionally assigned to the Archean.' Suc~ granite 

I Fort Benton and Little Belt Mountains Folios, by WALTER HARVEY WEED: 
Geol. Atlas of the U. S., Nos. 55 and 56, 1899. 

See also Geology of the Little Belt Mountains, Montana: Twentieth Ann. Rept. 
U. S. Geol Surv., 1898-9, Pt. III, 1900, pp. 278-284. 

• The Belt formation includes the various lithological members of the Belt Terrane 
which Mr. Walcott has named the Chamberlin shale, the Newland limestone, the 
Greyson shale, the Spokane shale, and the Empire shale. 

, Usually in the sense of pre-Cambrian. 
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is reported as occurring along the Pelly anci Dease Rivers (Dawson r 
and Hayes;') to the west, between the northern base of the St. Elias 
Mountains on the Yukon River (Hayes 3 ); along the Upper Tanana 
River (Allen 4 and Brooks 5), which is correlated by Spurr with the 
granite along the Pelly River; along Fortymile Creek, a tributary of 
the Yukon near the Canadian-Alaskan boundary (Spurr6); forming 
the core of the Kaiyuh Mountains (described by Dall,' referred to 
Archean by Spurr8); possibly forming the core of the Alaska Penin
sula and the Aleutian Islands (noted by Dall' and Purington:o referred 
to Archean by Spurr II). 

C. K. LEITH. 

On. Rival Theories 0/ Cosmogon.y. By the REV. O. FISHER. Ameri
can Jourllal 0/ Scie1lce, June 1901, Pp.414-422. 

In this article the author has brought the current gaseo-molten 
hypothesis of the origin of the earth into comparison with the hypoth
esis of gradual accretion without a molten state recently advanced 
by Chamberlin, and has endeavored to test the tenability of the newer 
hypothesis by subjecting some of its fundamental postulates to mathe
matical and physical inquiries. The author disclaims holding a brief 
for either hypothesis and well sustains his claim to an impartial 
attitude. 

r GEORGE M. DAWSON: Geological Natural History Survey of Canada, Vol. III, 
Pt. I, 1887-8, F. 34B. 

·C. WILLARD HAYES: Geographic Magazine. Vol. IV, 1892, p. 139. 

3 Loc. cit., p. 139. 

4 LIEUTENA:-IT H. D. ALLEN: Expedition to the Copper, Tanana, and Koyukuk 
Rivers, Senate Documents, Washington, 1897, p. 159. 

5 A. H. BROOKS: Twentieth Ann. Kept. U. S. Geol. Surv., Pt. VII, 1900, pp. 
460-465. 

6 J. E. SPURR: Eighteenth Ann. Rept. U. S. Geo!. Surv., Pt. III, 1898. pp. 
134-140. 

7 W. H. DALL: Seventeenth Ann. Rept. U. S. Geol. Surv., Pt. I, 1896, pp. 
862,863· 

• J. E. SPURR: Twentieth Ann. Rept. U. S. Geo!. Surv. Pt. VII, 1900, pp. 
235 and 241. 

9 W. H. DALL: Seventeenth Ann. Rept. U. S. Geo!. Surv., Pt. I, 1896, p. 135. 

10C. W. PURINGTON: Manuscript map referred to by Spurr. 

II J. E. SPURR: Twentieth Ann. Rept. U. S. Geo!. Surv. Pt. VII, 1900, pp. 
233-235. 
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He cites at the outset a difficulty, "perhaps more apparent than 
real," encountered by the newer hypothesis in the sporadic arrange
ment of the meteoric material which, if like known meteorites, would 
differ from the existing surface rocks. This difficulty, however, loses 
much, if not all, of its force when the effects of volcanic .action are 
considered. The hypothesis assumes that the interior heat which 
arises from compression gives rise to the melting of certain constitu
ents of the rock mass, and that these, previous to eruption, undergo 
magmatic differentiation into the well-known igneous rocks and prob
ably into others which are but rarely ejected because of their high 
specific gravity, as the iron-bearing basalt of Disco Island, Greenland, 
and other extremely basic rocks of the ferro-magnesian type. Volcanic 
action is assumed to have begun effectively before the growing earth 
reached the size of the moon and all accretions subsequently made 
would be more or less invaded and overflown by igneous intrusions 
and extrusions of differentiated lava. In the closing stages of the 
earth's growth, the infall of meteoric matter declined gradually to an 
inappreciable amount, while the volcanic action is thought to have 
continued with relative vigor for a notable period after the essential 
cessation of growth, and to have perpetuated itself in less activity 
down to the present time. If the moon may be taken as an illustra
tion of the prevalence and effectiveness of surface vulcanism in a body 
one eightieth of the earth's mass, it does not seem violent to suppose 
that the original meteoric matter of the earth would be deeply buried 
under surface lava flows and tuffs in the closing stages of its growth. 
Recent studies in the Lake Superior region, in Scandinavia, and in 
Lapland seem to concur in showing that the oldest known rocks con
sist of such lava flows and pyroclastic layers associated with· some 
small amounts of ordinary clastic material, all mashed into schistos
ity. Into these schists, the great granitic series were intruded. Under 
the newer hypothesis these Intrusions are to be regarded as merely 
a continuation of the earlier active vulcanism which was then more 
largely basic, but which had now, in the progress of magmatic differ
entiation,attained a dominant acidic character, perhaps as the partial 
complement· of the earlier basic flows of the schist series or of the later 
basic flows of the Algonkian. The" fundamental gneiss" does not, 
therefore, appear, in the light of these recent studies, to be futlda
lIIental, nor does the" basement complex" appear to be basal. These 
recent investigations seem to bring the Archean series into almost 
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ideal conformity with the accretion hypothesis, if under that hypoth
esis the process of accretion is conceived as dying away gradually by 
a transition into a stage of dominant vulcanism, which in turn gradu
ally passes into the present phase of dominant aqueous activity. On 
the other hand, progressive investigation seems more than ever to give 
negative results in the line of the discovery 6f "the original crust" 
of the hypothetical molten stage, and the survival of the older hypoth
esis will perhaps require the recognition of a dominant eruptive 
stage similar to that postulated by the newer hypothesis, to which all 
or most of the Archean rocks are to be referred. In the light of these 
late Archean investigations, the difficulties of the old hypothesis seem 
at least as great as those of the new, for the old hypothesis must 
account for the non-appearance or scant appearance of "the original 
crust," while the new must account for the non-appearance or scant 
appearance of the supposed highly" basic, magnesian, iron·bearing 
meteoric matter. The new hypothesis has the advantage of having 
theoretically postulated in advance what field studies are now bringing 
into recognition in spite of prepossessions inherited from the older 
view. 

Passing the problem of superficial constitution as not necessarily 
serious, Fisher justly regards the increase of internal density and high 
internal temperature as incontestable facts of radical importance, and 
inquires how these facts may be accounted for on the meteoric theory. 
He assumes the average density of the meteoric matter to be nearly 
that of average surface rock, 2.75, and adds that "if this is too low, 
the arguments based upon it will not be affected in any great degree." 
Fisher feels tolerably certain that the law of internal density is fairly 
represented by Laplace's law, which is that" the increase of the square 
of the density varies as the increase of the pressure." In the case of 
a slow growth by solid accretion, the internal density must be mainly 
referred to compression. If, however, the specific gravity of the 
original meteoric material be taken at some figure between 3.5 and 4, 
as derived from known meteorites (Farrington's figure in 3.69), the 
amount of compression is appreciably less than on the assumption of 
2.75 made in the computations. Fisher finds that at a depth of 400 

miles, where by Laplace's law the density should be 3.88 the compres
sibility would be 1.4021 X 10-°. "This may he looked upon asa small 
compressibility, seeing that the compressibility of water similarly 
measured is 4.78 X 10-5 or nearly forty times as great." The linear 

Digitized by Google 



REV/EWS 461 

dimensions would be reduced about one tenth. "At the center the 
compressibility similarly measured would be very small, viz., 2.5 X 
10-7 , while the condensation would be large, viz., 0.744." 

In the absence of direct measurements on the compressibility of 
rocks, the author computes its value from the values of Young's modu
lus and the modulus ~f rigidity which have been obtained in some 
instances, and compares the result with the theoretical compressibility 
of surface locks deduced from Laplace's law. Respecting the results, 
he remarks that" it is certainly not a little remarkable how closely 
this value ranges with those found by experiment. It is of the same 
order of magnitude but rather smaller than the average." He adds: 

We find here a somewhat strong presumption in favor of the view that 
the earth consists throughout of matter not very dissimilar from what we know 
at the surface, and that the internal densities are due rather to condensation 
than to the presence of heavier substances such as metals. But it is not.a 
proof of this. 

Respecting the alternative view that the greater density toward the 
center is due to heavy metals, Fisher says: 

We may probably dismiss the supposition that these all fell in first, and 
only regard them as segregated from a uniform mass of some kind, and hav
ing gravitated towards the center. This implies a condition of liquidity. If 
the materials were solid this separation could not have occurred. Now the 
only force that we know of that could cause the denser materials to move by 
a kind of convection towards the center is gravity; and in a solid gravity 
would not have that effect. Moreover, it must not be forgotten that gravity 
continually diminishes as we go deeper into the earth, and that at the center 
bodies have actually no weight. It is greatest at the surface, and if not com
petent to segregate downwards the heavy particles of a rock at the surface, 
which we know it is not, still less could it have that effect near the earth's 
center. 

Neither can we attribute this segregation to pressure; for pressures act 
equally upon the surface of heavy or light mattrials. I,f we had a layer of 
mixed shot and sand, no steady pressure laid upon it would force the shot to 
the bottom and bring the sand to the top. 

It seems, therefore, that the view that the denser materials in the interior 
consist of heavy !DeJals necessitates a condition of liquidity of the whole, which 
accords more readily with the nebular than with the meteoric theory of its 
origin, For we may imagine that in a nebular mass cooling from the exterior, 
the first change from a nebulous or gaseous state would be the formation of a 
rain of condensed particles falling downwards, which would continue until 
the whole rna&< became liquid, and thus the heavier elements would begin to 
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collect towards the center. In this case the highest possible interior temper
ature would be that at which the gaseous first assumed the liquid condition 
under the pressure at the depth. 

Paradoxical as it appears, it is therefore possible that the temperature in 
the interior may have been rendered higher by a conglomeration of cold solid 
meteorites than by the cooling of a nebula. 

We have no means of judging whether the meteorites would come in 
rapidly or slowly, but in either case if we take no account of the heat arising 
from impact, the amount produced by condensation would be the same; the 
only difference in the two cases being that it would be generated in a less or 
greater time. In the meanwhile a covering of a badly conducting material 
would concurrently accumulate, preventing the rapid escape of this heat, and 
at the same time increasing the pressure, the compression, and the heat. 

To form im idea of the temperature which would be produced by the 
condensation of matter of surface density to the density now existing at any 
given depth within the earth, not taking into account its diffusion by conduc
tion or otherwise, we require to know the work which has been expended 
upon it. Now we can estimate this in the following manner. Conceive the earth 
to have been built up of meteorites falling in, so that shell after shell accumu
lated until the globe attained its present size. Then, fixing the attention 
upon a particular unit volume, say a cubic foot, of the substance, and omit
ting atmospheric pressure, it would successively be subject to every degree of 
pressure from zero, when the shj!ll of which it formed a part was not covered 
up, until the present pressure was reached, when it was buried to the depth 
at which it now lies. If then we know the relation between the pressure and 
the compression at every depth at the present moment, it will give us the 
relation between the pressure and the compression which that particular 
volume has obeyed during the course of ages; that is to say, we can judge 
how much compression any given pressure would have produced in the sub
stance under the conditions involved. 

Laplace's law of density being based upon the assumption that the 
increase of pressure within the earth is proportional to the increase of the 
square of the density, in terms of a pressure of one pound upon the square 
foot, this leads to the result, that the pressure at the depth where the density 
is P is equal to 5.9X 101 (PI _S2)[ where s=density of surface rock and P= 
density of rock at the depth under consideration]. 

If we accept Laplace's law, this expresses a fact, whether the increase 
of density is due to condensation by pressure or to increased density in the 
intrinsic natur.! of the matter, But if we ass~me that the increase of density 
is caused solely by the pressure, then the above relation gives the amount of 
pressure which would reduce matter of density s to matter of density p under 
cirtumstances existing within the earth. It will therefore remain true if the 
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matter changes its state from solid to liquid, and from liquid to gas. If, for 
instance, we wished to apply a pressure which would reduce surface rock to 
the density 3, it ought to be 5.9X 107 (9 -2.7 5 2) = 8.481 X 107 pounds per 
square foot, supposing no heat be allowed to escape. If the experiment 
could be made, it would afford a test of the truth or otherwise of the present 
hypothesis. 

When we know the relation between the pressure and the condensation 
which it would produce, it is feasible to estimate the heat which would be 
generated, and also the temperature, provided we assume the specific heat 
of the substance, which for surface rock has been determined. For instance, 
at the depth of o. I of the radius, or about 400 miles deep, where the density 
would be 3.88, the temperature produced by condensation would be 1.2608 X 
106 l'"ahr., or 7.0044 X 10' Cent. [70,044.], while at the center the figures 
would reach 2.7756 X 10' Fahr., or 1.0242 X 10' Cent. [1,024,200.]. It 
seems at any rate that the meteoric theory would not fall short of accounting 
for temperatures as high as might be desired. It must at the same time be 
remembered that much of this heat would not be called into existence until 
the substance into which it was, as it were, being squeezed, had already been 
deeply buried under a badly conducting covering, so that the escape of heat 
would not take place as fast as it was generated, as would probably be the 
case with heat generated at the suface by impacts. Thus the hypothesis that 
the present high internal temperatures are due to compression .seems quite 
admissible. 

We may compare the above named temperatures with some that are 
known. Acheson, for instance, obtains 6500 n Fahr. in his Carborundum elec
tric furnace, and 3300· Fahr. has been obtained by the oxyhydrogen flame. 
These temperatures are contemptible compared with those mentioned above. 
The Hon. Clarence King, prolonging Dr. Barus' line for the melting point of 
diabase (which is 1170· C. at the earth's surface) to the earth's center, gives 
the temperature 76000. Cent., which is of the same order of magnitude as 
condensation would produce at only 400 miles depth. 

Fisher con~iders the bearing of the temperature of lava as ~eter

mined by Bartoli at Etna (I060°C. or 1932° F.) on the question, and 
finds that the theoretical depth at which this lava temperature would 
be produced by condensation would be about forty-three miles. The 
saine temperature would be reached at the accepted gradient of 1 ° F. 
for sixty feet in about twenty-two miles. 

It seems then that the hyp'othesis, that the internal densities are due to 
the condensation of matter of surface density, will not account for a tempera
ture gradient originally as high as at present. [The computed gradient cor
responds pretty nearly with the low gradient found at the Calumet and Hecla 
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magnitude, the greater ones corresponding approximately to the folds 
in the underlying RandviIIe dolomite. The total· thickness of the 
formation is probably 600 to 700 feet. 

The iron ore deposits of large size rest upon relatively impervious 
formations, which are in such positions as to constitute pitching 
troughs. A pitching trough may be made (0) by the dolomite forma
tion underlying the Traders member of the Vulcan formations, (6) by 
a slate constituting the lower part of the Traders member, and (c) by 
the Brier slate between the Traders and Curry members of the Vulcan 
formation. The dolomite formation is especially likely to furnish an 
impervious basement where its upper horizon has been transformed 
into a talc-schist, as a consequence of folding and shearing between 
the formations. 

Unconformably above the Vulcan iron formation is the Hanbury 
formation, which forms three large belts in the syncline of the older 
rocks, and occupies a very large proportion of the district. The for
mation comprises clay slates, calcareous slates, graphite slates, gray
wackes, quartzite, ferTllginous dolomite, and rare bodies of ferruginous 
chert and iron oxide. The formation is much thicker than any of the 
other formations of the district, but it is probably not thicker than 
2000 or 3000 feet. 

Wilder' describes and maps the Sioux quartzites and quartz por
phyries of Lyon county, Iowa. No points concerning the stratigraphy 
or age have been added to those already given by other writers. 

Bain' describes the geology of the Wichita Mountains. Gabbros 
and porphyries of pre-Cambrian and probably of Archean age are 
present. The gabbro is more prominent in the western portion of the 
mountains, being especially well developed in the Raggedy Mountains, 
and the porphyry is more common in the eastern part of the moun
tains, being typically developed at Carrollton Mountain. 

Matthews 3 gives a detailed petrographical description of the gran
ites of the Pike's Peak quadrangle of Colorado. They are referred to 
the late Algonkian period. 

'Geology of Lyon county, by FRANK A. WILDER: Iowa Geol. Surv., Vol. X, 
1899, pp. 96-108. 

• Geology of Wichita Mountains, by H. FOSTER RAIN: Bull. Geol. Soc. Am., Vol. 
XI, 1900, pp. 127-144, Pis. XV-XVII. 

3 The Granite Rocks of the Pike's Peak Quadrangle, by A. B. MATTHEWS: JOUR. 
GEOL., Vol. VIII, 1900, pp. 214-240. 
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Cross I maps and describes the geology of the Telluride quadrangle, 
Colorado, and briefly sketches the geology of the San Juan region, of 
which the Telluride quadrangle is a part. 

In the Telluride quadrangle, along Canyon Creek north of Stony 
Mountain, is a small body of upturned quartzites, with an intercalated 
rhyolite sheet, which have been referred to the Algonkian. The 
quartzites are coarse and grade into fine conglomerate. 

Ancient granites, gneisses, and schists are known in the Animas 
Valley and in the Uncompahgre plateau. These rocks have usually 
been considered as belonging to the Archean, but some of them are 
probably younger than the great series of quartzites exhibited in the 
Needle Mountains to the south, and younger than the quartzites 
beneath the volcanics in the canyons of the Uncompahgre, above 
Ouray, which have been referred to the Algonkian. These quarlzites 
stand on edge or have been greatly disturbed. The relations of these 
isolated exposures to contemporaneous formations elsewhere are 
unknown. 

Spurr' maps and briefly describes the Archean 3 granite of the 
Aspen district of Colorado. This is unconformably below and in 
direct contact with sediments of upper Cambrian age. 

Davis· in a general account of a trip through the Colorado Canyon 
district briefly describes certain features of the pre-Cambrian geology. 
He calls attention to the extraordinary evenness of the floor of schists 
with granite dikes (Archean) upon which the Chuar and Unkar ter
ranes (Algonkian) rest. The floor for the Paleozoic strata is somewhat 
less regular than the floor for the Unkar. In two places the pre-Cam
brian rocks rise higher than the basal Tonto (Cambrian) sandstone. 
The Archean schists beneath the Unkar have a steep and regular slope, 
indicating uniform resistance to erosion. Where, beneath the Tonto, 
they show a bench, it is taken to indicate a softer character at 
this point, probably due to a longer period of pre-Tonto weather
ing. 

I Telluride Folio, Colorado, by WHITMAN CROSS: Geol. Atlas of the U. S., No. 
57, 1899. 

• Geology of the A!pen Mining District, Colorado, with Atlas, by J. E. SPURR: 
Mon. U. S. Geol. Surv., No. 31, 1898, pp. 1-4. 

3 The term Archean is evidently used in the sense of pre-Cambrian • 

• Notes on the Colorado Canyon District, by W. M. DAVIS: Am. Jour. Sci., 4th 
seT., Vol. X, 1900, pp. 251-259. 
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the effects of snow banks. The thickness of the neve fields which did 
not become glaciers is estimated to have been 100 to 150 feet, and the 
conclusion is reached that, on a grade of about I:Z per cent., the neve 
must attain the thickness of at least 125 feet in order to have motion. 

Certain phases of the problem of glacial motion are touched, and 
the conclusion reached that the cause of glacial motion is to be sought 
in the weight of the ice mass, and that it is independent of the tem
perature of the air. No attempt is made, however, to decide the real 
nature of glacial motion, or what processes are involved in it. 

R. D. S. 

A1l1lual Report of tke Board of Regents of tke Smitlzsonian Institution, 
showing the Operations. Expenditures, and Condition of 
the Institution for the year ending June 30, 1899. 

In the appendix accompanying the official report of the governing 
bodies and the secretary of the Smithsonian Institution, a complemen
tary Dumber of geological articles are introduced. These are, for the 
most part, republications, and include" On Lord Kelvin's Address on 
the Age of the Earth as an Abode Fitted for Life," by T. C. Chamber
lin; "An Estimate of the Geological Age of the Earth," by J. Joly; 
"The Petrified Forests of Arizona," by Lester F. Ward; "Present 
Conditions of the Floor of the Ocean; Evolution of the Continental 
and Oceanic Areas," by Sir John Murray; "The Truth About the 
Mammoth," by Frederic A. Lucas; "Mammoth Ivory," by R. Lydek
ker; and" Review of the Evidence Relating to Auriferous Gravel Man 
in California," by William H. Holmes. Several of the physical and 
biological articles, and those relating to general aspects of science, 
also possess po.ints of interest to geologists. C. 
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THE RIVER SYSTEM OF CONNECTICUTI 

THE tendency of the modern school of physiographers seems 
to be to ascribe little importance to geological structure planes 
as a factor in determining the position and the orientation of 
water courses. In an earlier period greater attention seems to 
have been accorded to this condition, and quite apart from the 
purely theoretical conceptions of the closet geologists many 
valuable observations were placed upon record. Th. Kjerulf, 
toe former Director of the Geological Survey of Norway, 
remarked the regularity in the arrangement of fjords, streams, 
and valleys as represented upon the map of Norway, and from 
this was led to believe that their directions corresponded to the 
faults in a system of dislocations. Daubree~ has furnished many 
examples of regular networks of stream channels which resem
ble the network produced by a number of intersecting series 
of parallel joint planes (rlseauz rlpliers de cassures). and the 
explanation of this correspondence he believed to be a causal 
one, the planes of separation, or jointing, being locally gap
ing where the streams adhere to the joint direction, but closed 
where they have been diverted from the course of the joint. 
Van Hise 3 has in a similiar way explained the zigzags of 

I Published with the permission of the Director of the U. S. Geological Survey . 

• DAUBllEE: G4!ologie Experimentale. Paris. 1879.~. 361. 

lVAN HISE: Trans. Wis. Acad. Sci., etc., Vol. X., pp. 556-560.1895. 
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the small streams which enter the Wisconsin River at the 
II Dells" as due to a system of joints induced by the gentle fold
ing of the rocks. That a more or less uniform system of joints 
exists in the rocks almost throughout the state of Wisconsin has 
been shown by Buckley's observations.' 

So far as the writer is aware, the only detailed studies that 
have been made establishing the definite relationship of the 
stream channels of a region to its system of joints or faults, are 
those of Brogger 2 in the Langesund-Skien and Christiania 
regions of southern Norway, and that of the writer 3 in the Pom
peraug Valley region of Connecticut. Of the elaborately faulted 
region which Brogger has studied, he states: 

It is not exaggerated when to my own astonishment I must state, as the 
final result of my observations in this region, that almost every valley, every 
cleft, is formed along a fault fissure. . . . • The significance of the faults for 
the fomration of the valley straits is thus as profound as possible within the 
stretch of land described, since almost every cliff, every vale, every bay 
has been formed upon a line of dislocation; indeed the presence of clefts 
was for me, at the last, the surest index for the discovery of dislocations.· 
[Translation.] . 

Review of tlu geological structure of Ike Pomperaug Valley ureq 
of Connecticut. - Regarding the Connecticut area to which refer
ence is made, it will be necessary here to review the study in 
order to make clear the generalizations with which this paper is 
especially concerned. It is now well known that the several areas 
of Newark rocks of the eastern United States are complexly 
faulted, and the many common structural peculiarities of the 
several isolated areas give rise to the belief that the forces which 
have produced the dislocations have affected, not the Newark 
rocks alone, but the larger region of which they are parts-the 
Piedmont plateau of the eastern United States.s 

• BUCKLEY: Bull. 4, Geol and Nat. Hilt. Surv. Wis., pp. 450-460, 1898 • 

• BROGGEIl: Nyt Magazin for Naturvidenskabeme, Vol. XXVIlI, pp. 25J-4i9. 
1884. nit/., Vol. XXX, pp. 99-2JI, 1886. 

JHOBBS: Twenty,first Ann. Rept. U. S. Geol. Surv., Pt. III. 19o1, pp. 1-162. 

4 Op. cit., pp. 34, 342. 

5 Cf. DAVIS: The Triassic f<'onnation of Connecticut, Seventh Ann. Kept. U. S. 
Geol. Surv., 1888. pp. 481-490. 
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The detailed study of the Pomperaug Valley area has devel-
. oped the fact that a complex system made up of intersecting series 
of parallel nearly vertical joints and faults there divides the crust 
into a large number of orographic blocks, the smaller of which 
have dimensions of less than one hundred paces. The different 
throws along the numerous faults bounding these blocks have 
brought about a structure not unlike that of a mosaic from 
which the supporting base has been lowered and the individual 
stones been displaced by different amounts due to the inequali
ties of their lateral support. For the area as a whole, the joints 
and corresponding faults are embraced mainly in four series, the 
individual members in which trend N. + 34° W., N. ± 55° E., N. 
± SO W., and N. + 15 E. Series of faults less common for the 
area as a whole, but several of them numerous enough in its 
southern portions, have directions N. + 33° E., N. ± 44° W., N. 
+ 61° W., N. ± 90° E. W., N. + 20° E., and N. ± 25° W., the 
order being approximately that of frequency of occurrence. Of 
the more common series, those 'trending N. ± 55° E. and N. ± 
34° W. are nearly normal to one another, as would be true of a 
pair of joint planes, but the larger throws within the region seem 
generally to have taken place along one of these planes (N. ± 
55° E.) and one of the other prevailing directions (N. ± 5 ° W. ) . 
Aside from the regularity in direction observed to characterize 
the numerous faults and bring them into a number of parallel 
series, those faults of the same order of displacement are 
observed to be spaced also with noteworthy regularity. The 
smallest of the orographic blocks which could be measured, for 
convenience called the" unit'~ blocks, were found to be qu'ite gen
erally about So paces (150 feet) along the direction N. ± S S °E., 
and 100 paces (300 feet) along the direction N. + 5° W.-the 
equivalent of two rhombic prisms in contact along one side. 
The larger, or "composite" blocks, which are of various orders 
of magnitude, are made up of the" unit" blocks and bordered 
by displacements of a higher order-greater ~hrow. The fault 
intervals in the several series, and hence the shapes of the oro
graphic blocks, are found to be closely related to the directions 
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of the prevailing and rarer fault series in a manner which is made 
clear by the diagram of Fig. I. In this figure t.he shape of the 
unit orographic block-and of many composite blocks of sev
eral orders as well-is shown by the black and also by the 
stippled area. Two of the prevailing fault directions, N. + IS° E. 

and N. ± 34 ° W. corresp~md to 
F the longer and the shorter diago-

., 
«'IG. I.-Diagram to illustrate the 

relationships existing between the shape 
of the" unit" orographic blocks and the 
directions of the fault series. 

nals respectively of this unit 
block. The fault direction N. +-
33° E., which is the most com
mon of those occurring in the 
southern Pomperaug area, corre
sponds closely to the longer 
diagonal of three unit blocks in 
contact along their longer side. 
Another of the series of faults 
characteristic of the same south
ern area and trending N. + 20° 

E., corresponds to the longer 
diagonal of six unit blocks, two 
composite blocks like those just 
described placed in contact along 
their longer sides. The remain

ing directions of faults observed in the area are respectively the 
shorter diagonals of composite blocks three units long and two 
wide, four long and six wide, four long and seven wide, and 
two long and seven wide; though clearly in these latter instances, 
the relationships indicated in the diagram are less significant 
owing to the more complex nature of the composite blocks of 
which the fault directions are the diagonals. For a more impor
tant indication of the same relationship, which is observed in the 
actual composite blocks of the area studied, the reader must be 
referred to the original report.' 

For the area in question the conclusion has been drawn that 
-the earth's crust has been here subjected to compressive stresses, 

I Loc. cit. pp. 117-120. 

Digitized by Goog Ie 



THE RIVER SYSTEM OF CONNECTICUT 473 

the resultant of which acted in a direction normal to the axis of 
Green Mountain folding (N. + 80° W.), stresses which were 
relieved by dislocation along the planes of maximum shear, 
approximately 45° to either side of the direction of pressure, 
i. e., S. ± 55° W. (N. + 55° E.) and N. + 34° W. The remain
ing common directions of fault planes (N. + 15° E. and N. ± 
50 W.) could be explained by a subsequent development of 
compressive stress acting along the initial direction; for in a 
region containing planes of separation at 45° to the direction of 
pressure, there would be a resolution of the stress into compo
nents acting along the planes of separation and along that diag
onal of the blocks which is nearly normal to the pressure. The 
direction N. ± 15 ° E. corresponds to this diagonal of the joint 
block already formed, and the remaining direction N. ± 5° W. 
is the corresponding diagonal of two such blocks in contact. To 
explain these latter dislocations upon the same principle, it must 
be assumed that, owing to differences between the alternate joint 
planes of the same series, these double joint blocks acted to 
some extent as units. The fault directions characteristic espe
cially of the southern portion of the area and disclosing such 
intimate relationships to the four generally prevalent ones, might 
be explained either by assuming that in the later con:tpression of 
the jointed area composite blocks of different shapes, because 
composed of a different number or different arrangement of unit 
blocks, acted as units (whether due to the greater perfection ot 
their bounding fault planes over intermediate ones, to the par
tial closing or healing of the intermediate faults, or to some 
other cause). In this case the maximum shear would be along 
the diagonal of the composite blocks, as would be the case in 
the unit blocks themselves, and it is shown in the report under 
review that these directions do correspond, tlOt only in direction, 
but also in position with the diagonals of important composite 
blocks of the area. Under certain conditions, which mayor may 
not have obtained in the area, planes of dislocation having the 
same directions might have been produced through the depres
sion of the composite blocks subsequent to the jointing of the 
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area, since in this case also the tendency would be for blocks to 
rupture along the diagonals. -

The onenJed drainag-e of Ike Pomperaug- ValIey.-With this brief 
summary of the geological structure within the Pomperaug Val
ley area we may consider its drainage. It was found in study
ing the area that the streams, large and small, for considerable 
distances adhere with great fidelity to the directions of some of 
the prevailing faults, and that in many cases after being diverted 
from them, it was noted that they had returned persistently to 
the old direction. This correspondence of drainage lines to 
geological structure planes is far too close to be accidental. 
The four prevailing fault series diverge from their nearest neigh
bors at angles of about 39°, 20°, 29°, and 92°. A difference in 
angle between a fault direction and the general direction of a 
stream course equivalent to 7°, or about one third the small
est difference of angle' between neighboring fault directions, 
would represent a divergence of one in eight, which would hardly 
be accepted by the eye as an indication of parallelism. It is 
not to be expected that the actual course of a stream will now 
be coincident with or even absolutely parallel to any fault direc
tion, for there have unquestionably been many local conditions 
which have produced larger or smaller migrations of the river 
channels. Their general direction has, however, it would seem, 
been maintained despite the minor accidents which have marked 
their life-histories, and even under so revolutionary a change as 
complete reversal of drainage. 

I t was further shown in the investigation under review, that 
in the walls of crystalline rocks surrounding the Newark beds in 
the Pomperaug basin, the same adhesion of the water courses to 
the direction of the observed faults (extended) could be deter
mined. It was hardly to be expected that these peculiarities 
would cease to be observable so soon as the immediate vicinity 
of the Newark basin was left behind, if it be indeed true that the 
dislocation' of the area is due to a compression of the general 
region in which this area of Newark rocks and the much larger 
one of the Connecticut vaHey are included. Owing, however, 
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to the absence over the greater part of the surrounding area of 
widely different rocks in thin beds, the difficulties of locating 
fault planes are almost infinitely increased; and, indeed, except 
under especially fortuitous conditions they elude observation. 
Having established, however, a relationship in one area, the 
problem is before us to determine 
whether the river system of the larger 

\ area of Connecticut exhibits any indi-
cation of the existence of rectilinear 
directions more or less persistent em
braced in a network of parallel'series 
like that of the Pomperaug Valley; or, 
if this be not true, whether any other 
persistent and recurrent directions can 
be observed. It will be further of 
special interest if such a system affords 
indication of a regular space-interval 
between such parallel lines of drainage. 

Tlu oriented draill1lge of tke Shepaug 
River.- In prosecuting our inquiry 
regarding the orientation of the drain-
age lines of Connecticut, the valley of 
the Shepaug River (its southern por
tion) was first examined, since this 
basin immediately adjoins to the west 
that of the Pomperaug. The diagram 
of this river traced from the atlas 
sheet of the map of Connecticut, pre
pared by the topographic corps of the 
United States Geological Survey 
( Fig. 2), affords clear evidence that 
the geological structure planes have 

" , 
\ ~\ 

FIG. 2.- Diagram to show 
the relationship of drainage lines 
in the basin of the Shepaug 
River to the prevalent fault and 
joint lines of the neighboring 
Pomperaug basin. 

here played an important part in giving direction to the river's 
channels. The dotted lines of the figure show the inferred 
approximate positions of fault planes whose course the river 
has adopted. The most marked adhesion of the river or its -
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branches to any given direction is very closely the direction 
N. 5° W., as shown by the upper course (in the diagram) of the 
trunk stream, as well a!: by the upper course of Jack Brook, its 
main eastern tributary, and by the small intermediate branch of 
the latter. These three channels are not only evenly spaced, 
but to the southward their extensions correspond in position 
with the southerly trending elements of great elbows of the Hou
satonic (see Plate II). After receiving the waters of Jack Brook, 
the Shepaug flows for nearly three miles in the direction S. ± 
15 ° W. (N. ± 15 ° E.), another of the four prevailing fault direc
tions observed in the Pomperaug Valley. Later it flows S. ± 
34° E. (N. -+- 34° W), while several tributaries flow along this 
direction and S. -+- 55° W. (N. ± 55° E.), the two remaining of 
the four prevalent fault directions of the Pomperaug Valley. 

Tke oriented drainage witkin tke area surroulIding tlte Pomperaug 
Valley.- In the map of Plate II, a larger area, of which the 
Pomperaug Valley is the center, has been considered. Upon 
this map. traced from the United States Geological Survey atlas 
sheets, which are on a scale of one inch to the mile, the full 
straight lines represent observed faults (extended), and the 
dotted lines the inferred approximate position of faults. It has, 
of 'Course, been necessary to omit all but a few of the numerous 
faults which were observed in the Pomperaug Valley area. The 
figures on the margin of the map indicate the directions (in 
degrees) either to the east or west of north of the trough or 
fault lines which emerge near them. With the greater com
plexity of this map and the larger number of fault directions 
represented, relationships are not at once so apparent as in Fig. 
2, which upon a reduced scale is here included. Special atten
tion is directed, however, to the fact that the Housatonic itself, 
which after flowing about three miles in a direction S. ± 5 ° E. 
(N. ± 5° W.), assumes the direction S. ± 61° E. (N. -+- 61 ° W.) 
at first in a nearly straight channel for three miles, and then in a 
zigzag course for eight miles more. Many interesting peculiari
ties will be noticed in the orientation of the smaller streams 
shown upon this map; as, for example, along the N. ± 55 0 E. 
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line which approximates to a diagonal of the map, along the 
N. + 33° E.line which meets the lower margin of the map near 
where the Housatonic meets it, etc. It will hardly escape notice, 
also, that the most marked lines in each series are spaced with 
considerable regularity, and if one space is wider than the 
others, it is often so much wider as to suggest that the space
interval is a multiple of the space which has been regarded 
temporarily as th.e unit. 

Tlu river system of Connecticul.-An examination of the 
larger area approximately coextensive with that of the state of 
Connecticut has been made by use of the .. two-sheet map of 
Connecticut," on a scale of one half inch to the mile, prepared 
by the United States Geological Survey Those lines and char
acters of this map, such as topography and culture, with which 
we are not now concerned and which would obscure the rela
tionships sought, were eliminated by preparing a careful tracing 
of all the streams and their minor branches. Upon this map 
tracing (about six feet long by four wide) approximately recti
linear stretches of river channel, and especially the stretches of 
neighboring streams which hold approximately to the same line, 
were sought. 1£ these directions were found to agree closely 
with any of the fault directions observed in the Pomperaug 
basin, dotted lines were drawn following those directions and 
coinciding as closely as possible with the river courses. If such 
an observed direction was found not to coincide closely with any 
of the fault directions determined, a direction was sought which 
would approximate most closely to it, and a similar dotted line 
with this direction drawn along the course of the river. The 
term .. trough lines" used to designate these lines, need for the 
present be given no further signification than lines so favored by 
nature that the waters of the region have been induced to 
adopt them for their channels over longer or shorter distances. 
On a map of this scale the trough lines, if rectilinear, should be 
sliglttly curved, but inasmuch as the present river courses, 
because of the many accidents of their history, can only roughly 
approximate to the direction initially given them, it would be an 
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over-refinement to introduce a correction of this nature, and they 
are, therefore, left straight. When all important trough lines 
had been thus represented, the map was reduced by photogra
phy and the etching of Plate I produced after the important 
rivers had been made a little heavier in order that their course 
might be apparent. These details of the study have been noted 
because the dangers of introducing the personal element while 
drawing the course of a river with any theory of its orientation 
in mind are very great. The map conveys a wrong impression, 
therefore, chiefly in its slightly exaggerating the volume of cer
tain streams which it was necessary to draw with heavier lines in 
order that their correspondences might be apparent. 

The first trough lines to impress the observer are those desig
nated a l , a" as' a 4 , upon the map, lines which trend approxi
mately N. 44 0 W., and' which include the lower reaches of the 
Housatonic, of the Connecticut below Middletown, of the lower 
Willimantic and the Shetucket, and a stretch of the Quinebaug. A 
less-marked trough line between a l and ai' would include impor
tant bends of the Naugatuck and Quinnipiac rivers. The sharp 
bend ~f the Connecticut River at Springfield and Patchoug River, 
tributary to the Quinebaug, may indicate the course of another 
trough line in this series. Most noteworthy of all lines in this 
series, however, is a" since the lower stretch of the Connecticut 
(some twenty-five miles long) is continued in the zigzag Sebethe 
River, so as almost to connect with the stretch of the Farming
ton River above its sharpest bend. at Farmington. The direc
tion of the lower stretch of the Connecticut is of especial inter
est because the river at Middletown deserts the softer Newark 
sediments to flow across the crystalline uplands, a peculiarity 
which has been explained by Professor Davis I through conform
able superimposition, the stream being supposed powerful enough 
to maintain an initial course aloag this direction during the rise 
of the uplands, at which time the harder gneisses were discov
ered. The same hypothesis has been offered by Kiimmel" to 

I DAVIS: The Triassic Formation of Connecticut, Eighteenth Ann. Rep. U. S. 
Geol. Surv., Pt. II, 1898, p. 165. 

• KUMMEL: Some Rivers of Connecticut, JOUR. GEOL.,Vol. I, p. 379, 1893. 
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explain the lower course of the Housatonic, which similarly 
deserts the limestone to cross the uplands. The presence of 
important structure planes in these positions would, in the view 
of the writer, afford the sim'pler explanation. It will be noted 
here that there is considerable uniformity in the spacing of the 
trough lines of this series, especially a., as' a •. 

The next most striking series of trough lines is indicated 
in the course of the Connecticut from Springfield to Hartford 
(c 1)' a distance of twenty-six miles; of the Willimantic (c I); 
of the Mt. Hope (c 1/1); the Little (c s); and a long stretch of 
the Quinebaug (c.). The direction of these trough lines is 
about N. 5° E., though this is not one of those observed to 
characterize the faults in the Pomperaug Valley area. Again, 
the spacing of these trough lines is quite regular if we regard 
the space between the Connecticut and the Willimantic as a 
double interval. More striking, perhaps, than any of these 
trough lines is the one indicated in the series of smaller streams 
which extend along the line c 5 of the map. These streams are 
too small to deserve names upon a map of this scale, but some 
of them are known as Five-Mile River, Whetstone Brook, Moosup 
River, Mt. Misery Brook, etc. The direction of the series was in 
fact obtained from them and applied to the other trough lines in 
the series. This direction, while not an observed fault direction, 
corresponds to the longer diagonal of two unit orographic blocks 
of the Pomperaug Valley placed in contact along their shorter 
sides (see the dotted diagonal in Fig. I), and thus it fills an 
important gap in the system of dislocations outlined. 

The trough linesdl' dB' and ds' which trend N. + I S° E., rep
resent a third series. The line d l' which corresponds in position 
with no very important stream, is an observed fault of the 
Pomperaug Valley area (extended), in which area, however, the 
Pomperaug River adheres closely to its direction; d. corre
sponds closely for a distance of about fifteen miles with the 
course of the lower Naugatuck; while to the south the lower 
Housatonic flows in a nearly parallel direction some distance 
tarther to the east. Most striking of this series is the trough 
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line ds, along which are arranged stretches of the West, the 
Quinnipiac with its tributary the Ten-Mile, the Farmington with 
its tributary the Pequabuck (for about fifteen miles), and a minor 
branch of the Farmington, which enters at its last great bend. 
This line, except near New Haven, is some distance east of the 
curving western boundary of the Newark area of the Connecticut 
valley. 

The only important fault line observed to hold to the direc
tion of the N. +- 20° E. faults, which is marked Ion the map, 
follows the Quinnipiac for about fifteen miles and continued 
northward coincides with the course of the Connecticut for a dis
tance of about six miles. 

Following the direction N. +- 33° E. are the trough lines ell 
e" , s' '4' ell' and,., the latter less marked than the others, and 
e 4 being an important observed fault in the Pomperaug Valley 
area. The Hne e, follows for a distance of fifteen miles or more, 
the middle course of the Housatonic i 's is nearly in line with 
the Croton and the Aspetuck rivers; while '5 is outlined by the 
Pine River and the small branch of the Connecticut, which is 
continuous with the southwesterly flowing elbow of that river at 
Middletown. The line e. shows no striking correspondences on 
a map of this scale, though midway between it and'5 the Sal
mon River, a branch of the Connecticut, for about seven miles 
follows the direction closely. 

The trough lines of the N.+-SoW. series (61'6" 6s ' etc.), 
while not prominently marked by the courses of any great 
streams, save for short distances by the Housatonic, the Nauga
tuck, and the Connecticut, yet all show on a larger scale map in 
the minor stream branches many interesting correspondences. 
As this direction agrees more or less closely with the slope of 
the Cretaceous plain of erosion of southern New England, the 
failure of the strong streams to follow this direction is worthy 
of note. 

Though less marked than some of the other series, the 
trough lines which trend N. +- 90° E. W. seem to be clearly 
outlined, especially "1' which passes through the divide of the 
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Farmington and Quinnipiac at Plainville, and It., which follows 
the easterly course of the Connecticut for a distance below Mid
dletown. 

A trough line seems to be indicated in the Salmon River and 
a branch of the Willimantic (g). This direction is N. 48 0 E. 
and does not correspond to any observed fault direction in the 
Pomperaug Valley area. Neither is it the diagonal of any very 
simple composite block of that area, which otherwise might indi
cate its relationship to this system. 

Conclusions.- In conclusion it may be stated that the rivers 
of Connecticut seem to indicate by the orientation of their chan
nels the existence of a regular network composed of a number 
of intersecting series of parallel lines, which for lack of a better 
term have been designated Irouglt lines,· and, further, that with two 
exceptions the more important of these trough lines correspond 
closely in direction with the directions of fault series observed 
to characterize the complexly faulted area of Newark rocks in 
the Pomperaug Valley. Of the two exceptions to the rule, the 
more noteworthy one (N. + 50 E.) fills an important gap in 
the system of faults determined for that area. This study is 
therefore in its bearing a confirmation of the conclusions arrived 
at by Kjerulf, Daubree, and BrOgger, who have seen in the 
orientation of water courses the strong directing influence of 
geological structure planes. 

There are obviously a number of ways in which the dislocations 
of a region, like the one under consideration, might be made to 
account for the orientation of stream courses. The direction of 
streams by the joint or fault planes themselves may be competent 
to explain the network indicated, more particularly if the streams 
began their cutting in the soft Newark sediments, which easily 
sustain secondary fractures near fault planes. That some voids 
occur along the fault planes of the Pomperaug Valley would seem 
to be indicated by the fact that these planes have conducted the 
underground waters to the surface at so many places within the 
area of the Newark rocks. Tension joints should, howt:ver, be 
more effective than compression joints in the control of drainage 
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lines, if it be assumed with Daubree that the ·gaping fissure 
planes have directed the streams in their courses. The pre
sumptive evidence is, the writer believes, in favor of the former 
development of the Newark rocks over a much larger territory 
than that which they now occupy and probably over the entire 
state of Connecticut. 

It is an observation of much interest that the minor twig-like 
branches of the streams, which in the deeply eroded mass of 
crystallines must have been adjusted after the capping of sand
stones had been removed, show an equally strong tendency with 
the master streams to follow the special directions indicated by 

. the system as a whole. J 

The study of the fault system of the Pomperaug Basin offers, 
however, another rational and natural explanation of the network 
of streams, provided the assumption is made that the drainage 
is adjusted to that formed in the geographic cycle which suc
ceeded the deformation of the area. The system of parallel 
faults has divided the area into vertical triangular, rhombic, or 
rhomboidal prisms, which stand at different relative altitudes. 
These prisms are found to be grouped into composite blocks of 
increasingly higher orders, the peculiar property of each of 
which is that the average altitude of its component prisms 
approximates (however roughly) to a fixed value-the com
posite blocks have an average level surface, although alternate 
prisms or alternate subordinate blocks for short distances pro
ject above or stand below the general level. The initial surface 
formed by these prisms would be marked by canal-like structure 
trenches (Gra/un) which follow the directions of fault planes 
and which have stronger directive power, as regards streams, at 
the junction of the trenches and at the crossings with the similar 
trenches of other series. 

Although the numerous generally curving fault planes dis
covered by Davis in bis extensive studies of the Newark of the 
Connecticut valley have here been omitted from consideration, 
for the reason that no close relationship to the orientation of 

'Twenty-first Ann. Rept. U. S. Geol. Surv., Pt. Ill, p. 145, Fig. 52. 
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streams is apparent in their directions, there is no intention 
thereby to minimize the importance of those studies. The investi
gation of the smaller Newark area of Connecticut, which by con
trast was almost microscopic in its detail, brought out a series of 
facts which for their interpretation required a totally different 
theory from the one to which Professor Davis was led by his 
studies. The two hypotheses have, however, this in common, that 
the primary cause of the deformation in the Newark rocks is 
assumed to be the compression of the crust within the area of 
southern New England by a force of compression, the resultant 
of which acted in a direction W. N. W. to E. S. E. 

The present writer has been led to the conclusion that the 
courses of large faults within this general area, if not approxi
mately rectilinear, are in reality zigzags, the elements of which 
are essentially right lines, examples of this kind being by no 
means rare in, and, in fact, generally characteristic of, the Pom
peraug Valley. It is not impossible that many of the larger 
faults described by Professor Davis, if examined in greater 
detail, might show this peculiarity, and perhaps also fall into 
the system which has here and elsewhere been elaborated. The 
numerous broken lines which are so apparent in the boundaries 
of the trap hills of the Connecticut valley, as represented on the 
topographic atlas sheets (t'. g., Meriden sheet), would seem to 
favor this view. It is in any case important, as it would seem 
to the writer, to consider in two stages the dislocations brought 
about mainly by a lateral compression of a section of the earth's 
crust, inasmuch as jointing· (the production of planes of separa
tion) is in these cases a necessary prerequisite to faulting (dis
placement along planes of separation). The modern views of 
geologists concerning joint planes produced by the shear from 
lateral compressive stresses are now sufficiently in accord to 
assume that vertical block faulting takes place along ready-formed 
planes of jointmg. In his description of the faulted area 0'£ south
ern Norway, :Bragger' has been careful to make this distinction. 

'Loc. cit. 
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With the explanation of the numerous diversions of rivers 
from their rectilinear stretch~s this paper is not especially con
cerned, although some explanation of such diversions could be 
found in the peculiarities of a region faulted like that of the 
Pomperaug Valley. The modern criteria of the physiographer 
deal adequately with this matter. It is the definite orientation 
of water courses which the new science seems to have neglected. 

WILLIAM HERBERT HOBBS. 

Digitized by Google 



c GENESIS 
OUGH THE 

RKANSAS 
IGHLAND 

t of its singul ugh the Ozar 
r ansas River p e present tim , 
geological interest. Its location in this part of its course, has 
given rise to two very different opinions regarding the geologi
cal age of the highlands; and also regarding the ,question as to 
whether there are two distinct uplifts, as has been advocated by 
t geologists, 0 as has been 
o ve worked i Recently t 
a ew data beari pon the probl 

ically, the Oz comprise two 
n levated regio from each 
broad deep trough-the Arkansas River valley. The vast plain 
surrounding the highlands is about 400 feet above sea level on 
the eastern side and twice this elevation on the west side. The 
Arkansas River flows along on the horizon of this general 
grade-plain. On the south side of the river the highlands rise 
t nearly 3000 f e sea; and on 
t feet. 

pparently in expression, 
c eologic struc logical age, t 
s 0 e Arkansas River as een known as the uac J a 
Mountains, and that north of the stream the Ozark plateau. On 
the assumption that there are two distinct uplifts, the river of 
Arkansas is regarded as forming a natural dividing line between 
the two regions. At first glance, the simplest explanation for 
t f the stream . on the attent 
m uplift, the a r the waterwa 
m fficulties wh perficial con 
a gh unsurmou 
t evidence goi 
sustain the second premise. 

present not 
that the fact 

Digitized t 



GENESIS OF THE ARKANSAS VALLEY 487 

In comparing the two districts, it is their differences and not 
their points of resemblance which are most conspicuous. In 
the Ouachita region the surface relief is notably mountainous, 
long ridges and isolated peaks, with wide, flat-bottomed valleys 
intervening. In the northern district the country is far from 
appearing mountainous; it is, for the most part, a vast undulat
ing plain, but sharply and deeply dissected around the borders, 
with the streams flowing in v-shaped valleys. In the south the 
rocks are more or less indurated or mltamorphosed, and cut at 
intervals by t?ruptives. Nowhere in the north do the strata 

OUJlCHITA MT5 • BOSTON MTS. 
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FIG. 1.- Peneplains of the Ozark region. 

show alteration or evidence of the presence of eruptives. The 
southern district is folded to a marked degree, approaching 
closely the Appalachian structure; while the northern region is 
only gently bowed. Regarding the geological ages of the two 
districts, the Ouachita has been thought to have been upraised 
towards the close of the Carboniferous; the northern area has 
been commonly considered as having been an elevated region 
ever since pre-Cambrian times. The present uplift, however, is 
now believed to be of very recent origin; and the upward 
movement is thought to be still in progress. 

The physiographical history of the region and the relations 
of the graded surfaces of the Ozark highlands are best indicated 
in diagram (Fig. I). 

Two distinct base levels are discernible in the region. They 
have been called the Cretaceous and the Tertiary peneplains. 
These titles will be retained for the present. The first of the 
peneplains rises out of the level savannas of the Mississippi 
embayment, but soon becomes deeply broken as it rises and 
passes into the Ouachita region. It is there believed to be 
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continued northward in the mountain summits,which are often flat
topped.' The later peneplain is thought to be represented in 
t ne flats whic 500 feet lowe 
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Some time ago it was incidentally stated that the Ozark 
highlands formed a single unit bowed up from the Red River to 
the Missouri.3 The most obvious support for this conclusion is 
found in the physiographic development of the region. But the 
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3 Missouri Geol. Surv., Vol. VIII, p. 331, 1895. 
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sediments anywhere else on the American continent, being 
upward of 20,000 feet, according to Branner! The peculiarities 
of this great sequence of soft shales have lately been discussed 
in some detail, and the real significance of the Arkansan series, 
as it is called, pointed out.2 

Thus, independent of whatever geological structure the 
Arkansas valley may have,. the enormous column of shales was 
of such character as to enable the great stream to scoop out a 
trough sufficiently vast and broad to give its topographic form 

OUACH'TA Mn OZAR" Pa.ATC.AU. 
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FIG. 2.- Stratigraphy of the Ozark Highlands. 

the effect of a depression between two uplifts. 
There is another deceptive feature connected with the valley 

of the Arkansas, that must be taken into consideration. Besides 
being a topographical trough, the valley is also a structural trough. 
A broad and shallow syncline stretches from the crest of the 
Boston Mountains to the first range of the Ouachitas. The strata 
closely folded in the extreme southern part of the highland dis
trict spread out rapidly towards the north until they form gentle 
undulations that are so characteristic of other parts of the Mis
sissippi basin. The Ozark arch in Missouri constitutes the last 
great swell northward. Its southern limb passes into the broad 
syncline which contains the Arkansas valley. This relationship 
of structure is represented by a north and south cross section 
(Fig. 2). 

The operation of different geological processes may be either 

I Am. Jour. Sci., (4), Vol. II, p. 235, 1896. 

"Bull. Geol. Soc. America, Vol. XII, p. 173, 1901. 
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all compensating, or all cumulative in their effects. Between 
the two extremes the sum of the antagonistic tendencies may 
have very variable values. The present valley of the Arkansas 
River as it crosses the Ozark highlands is a noteworthy ilIustra-

. tion in which the combined effects of perfectly independent 
processes are curiously cumulative in character. It is on this 
account chiefly that the real facts cencerning the development 
of the great uplift have been so largely obscured. 

Summing up: The different geological conditions when the 
Arkansas River initiated its course across the Ozark region, (I) 
an undeformed lowland flat in which the strata had been folded 
to a marked degree before being beveled and the country 
reduced to the state of a peneplain, (2) a remarkable, yet nar
row, belt, bordered on either side by resistant rocks, of soft 
shales of prodigious thickness which, when a new epoch of 
uprising was inaugurated, enabled the strt:am to easily keep its 
channel down to the general base level of the country surround
ing the uplift, and (3) a broad structural trough, which, how
ever, was only one of many synclines nearby and parallel to it
were highly cumulative in effect in imparting to the uplift the 
present aspect of twin elevations. By this singular combination 
of geological conditions the Arkansas River instead of being 
forced to turn aside by the great topographic dome which, out 
of the Cretaceous peneplain, arose athwart its path, was able to 
saw in two the arching strata. 

Topographically, the Ozark highlands form two distinct ele
vated regions. Structurally as well as topographically the 
Arkansas valley is a trough. But structurally the Ozark high
lands, as a whole, form an immense dome bowed from the Red 
River to the Missouri. 

CHARLES R. KEYES. 
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A SECOND CONTRIBUTION TO THE NATURAL· 
HISTORY OF MARL' 

THE writer recently published a paper on the relation of 
algae to marl deposits." Since it appeared, continued investiga
tion has led to the discovery of additional confirmatory evidence 
that the close relationship there pointed out of the algae, espe
cially Chara, to marl or lake lime deposits, exists to· even a 
greater extent than was suspected. 

Experimental work has been conducted along three lines, all 
of which have been fairly productive of results, and a brief 
account of this work may be of interest. 

First, a series of mecllanical analyses of typical white marl 
from different localities were made. The method of analysis 
used was a simple one, a modification of the beaker method 
used in soil analysis. The sample, chosen at random from a 
large specimen from the deposit under investigation, was dried 
in an air bath at 110 0 C. for sufficient time to remove any included 
moisture, and weighe"d. It was then mixed with distilled water 
in a large beaker and thoroughly stirred with a rubber-tipped 
glass rod, care being taken to stir it until all lumps caused by the 
adhesion of the finer particles to the coarser were broken up 
Care was also taken that no more crushing should take place 
than was absolutely necessary. After all lumps were disinte
g':'lted, the water, with the finer particles suspended in it, was 
poured off into another beaker and fresh water was added to 
the first and the material was again stirred. This was continued 
until water poured into the first beaker was nearly free from 
finer matter and became clear on standing a few moments. The 
coarse material left in the bottom of the beaker was dried, sorted 
into various grades by a series of sieves and each grade weighed. 

, Printed by permission of ALFRED c. LANE, State Geologist of Michigan. 

• JOUR. GEOL., Vol. VIII, No.6. September-October 1900. 
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The finer material was also sorted by stirring, settling, and 
decantation, and the matter of different degrees of fineness dried 
and weighed. The finest matter was usually separated from the 
w~te'r by filtering through a dried and weighed filter, and the 
water concentrated by evaporation and again filtered to remove 
any of the calcium carbonate dissolved in the various processes, 
and the final residue of water ~as evaporated in a watch glass 
and weighed. An exceedingly interesting feature of this latter 
experiment was the finding of a water soluble 'calcium salt, in 
small proportion, it is true, but still easily weighable and not to 
be neglected. The results of such an analysis of a sample from 
the Cedar Lake marl beds in Montcalm county, Mich., gave the 
following results. The sample used was collected from a hole 
made with a spade by cutting away the turf over the marl, then 
taking out sufficient marl to be sure that there was no peat or 
other surface matter present and the material used taken from a 
spadeful thrown out from two or three feet below this level. 
From this sample about thirty grams were take'n and treated 
as described above, and after the finer material had been sepa
rated from the coarser by washing and drying, the latter was 
passed through a set of standard gauge sieves, twenty, forty, 
sixty, eighty, and one hundred meshes to the linear inch, after 
which all shells and recognizable shell fragments, sand grains and 
vegetable debris, up to the sixty-mesh siftings, wer~ removed 
and weighed separately. This gave the following grades: (I) 
Material too coarse to pass through the twenty-mesh sieve, (2) 
that held by th~ forty-mesh, (3) that held by the sixty-mesh, 
(4) that held by the eighty-mesh, (5) that held by the hun
dred-mesh, (6) that which passed through the hundred-mesh, 
(7) that which was filtered out, (8) water soluble salts, (9) 
shells, shell fragments, and miscellaneous matter. 

The following is the result of the analysis of Cedar Lade marl 
made and graded as described: 
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Grade ~1) -

(~~ . 
(4) 
(5) -
(6) 
(7)t 
(8H 
(9) 

- 32•2 5 ~ 
6.06 
7·58 
2.90 
4.81 

15·64 

- 30 52 I 

0.28 

493 

A second analysis was made from a specimen made up of 
"twenty samples taken by boring with an auger over about one
half of the deposit at Littlefield Lake, Isabella county, m<>st of 
the samples coming from a depth of at least twenty feet, six to 
eight meters below the surface of the deposit. This analysis 
gave the following results: 

Grade (1) -
(2) -
(3) -
(4) -
(5) -

~~n 
(8) -
(9) 

- 31.52% 
14.48 

- 12.76 
2.56 
6·74 

0.27 • 
1.04 

99·79 

A third sample, from the holdings of the Michigan Portland 
Cement Company at Coldwater, Mich., a fine high grade white 
marl, very powdery, gave the following: Weight of 
20.- grams. 

G~'lr 
0.36~ 
3·53 
6.5 1 

3·34 
6.44 

28·99 
- 49. 12 

Not determined. 
0.69 ~!~ 

Loss and soluble maher (by 
difference) '- 1.02 

100.00 

I In this case determined by drying down the residue and weighing. 

sample, 

• The soluble matter contains a certain undetermined amount of alkaline chlo-. 
rides as well as a soluble calcium salt. 
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These samples represent (I) central, (2) north central, and 
(3) southern parts of the lower peninsula respectively, and may 
be taken as typical of the marl deposits of Michigan. When it 
is stated that, in general, it is easily possible to recognize with a 
simple microscope the particles which are held by the one 
hundred-mesh sieve, or even those which pass through it, if the 
finer matter has been carefully separated by washing, as charac
teristic Chara incrustation or Schizothrix concretions, it will be 
seen that these results show conclusively that a large part of the 
marl from these three samples is identifiable as of algal origin, 
and studies of the marls from other localities give similar 
results. 

The Coldwater sample (3) was exceedingly fine in texture, 
and it was difficult to avoid loss in sorting and weighing, as 
every current of air carried away some of the particles, and 
some also adhered to sieves and weighing dishes in spite of all 
precautions. Even this sample shows nearly 50 per cent. of 
easily identified Chara incrustation. The fineness of the parti
cles in a given marl bed varies much in different parts of the 
bed, and the degree of fineness is probably chiefly dependent 
upon the conditions of current and wave action under which the 
bed was formed, that which was deposited where the wave or 

, current ~ction was strong being coarser than that in stiller water 
or that on the lee side of exposed banks. This fact was noted 
at Littlefield Lake when samples of marl were collected along 
exposed shores above the wave line, which were 95 per cent. 
coarse fragments of Chara incrustation and Schizothrix nodules, 
while in other parts of the shore line the marl was of such fine
ness that it was like fine, white clay. The fragments of the 
Chara incrustation are generally easily recognized even when of 
minute size, because they preserve, usually very perfectly, the 
peculiar form of the stem and branches of the plant. This 
structure of the stem and branches is, in brief, a series of small 
tubes, grouped about a larger central one, and is easily seen 
with the unaided eye in larger fragments. Even when the tubes 
have been crushed, as is the case with many of the thinner ones, 
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it is frequently possible to recognize fragments of them with the 
compound microscope. Finally the incrustation is distinctly 
crystalline in ultimate form of the constituent particles, and 
when it has disintegrated the crystals and their fragments are 
found to constitute a large per cent. of the finer particles of the 
resulting marl. On the growing tips of the younger branches 
and the leaves of Chara, numbers of isolated crystals of calcium 
carbonate may be s~en. Farther back on stems and branches 
the crystals become more numerous, then coalesce into a thin, 
fragile covering, and finally on the lower part of the plant the 
covering becomes dense and thick. It is evident therefore that 
the decay of the younger parts of the plants would furnish a 
mass of more or less free or loosely aggregated crystals of 

. microscopic size, which would retain their crystalline form, in 
some degree at least, for an indefinite time and be recognizable, 
hence the presence of microcrystals in marl may furnish addi
tional evidence as to the origin of the deposits. 

The larger fragments of Chara incrustation a.s found in marl 
are frequently much thicker and heavier than any which occur 
among fragments of r~cent origin, i. e., those obtained from any 
part of living, vigorously growing Chara from the beds of the 
plant existing in ponds from which the marl may have been 
obtained. While this subjeCt needs further investigation, it is 
probable that such thickened incrustations have originated in 
several ways, the principal ones being, if the writer's notes have 
any bearing on the subject, as follows: 

I. On short, stunted plants that grow for a long time on 
unfavorable soil, such as sand or pure marl. Such plants have 
relatively very short internodes and generally thick incrusta
tions, much thicker than those on plants growing normally. 

2. From the growth of the lime-secreting, blue-green algae, 
such as Schizothrix, Rivularia, etc., either upon living chara or 
upon the fragments of broken incrustation, as a nucleus. Such 
a growth might produce considerable thickening of the Chara 
incrustation. 

3. From the inclusion of the fragments within the nodules 

I • 

Digitized by Google 



CHARLES A. DA VIS 

formed by the growth of the incrusting bl ue-green algae, in shallow 
water, and the subsequent destruction of the nodules by wave or 
other disintegrating action. In this case a thickened fragment 
may be left either free or attached to other material. Several 
fragments may be cemented together, and such aggregations 
have been observed. 

4. By the deposition of calcium carbonate on fragments of 
incrustation, the source of the salt deposited being soluble 
calcium-organic compounds left free in the water by the decay 
of dead Chara, the precipitation being caused by the reducing 
action of chemical compounds derived from the decay of 
organic matter or the growth of bacteria. It may be conceived 
also that the calcium carbonate thus deposited might also act as 
a cementing material to fasten the finer particles of marl to the . 
incrustation as a nucleus. 

5. By the deposition in more or less coarsely crystalline 
form of calcium carbonate which is dissolved by water perco
lating through the marl. This is probably considerable in 
amount and takes place in a manner analogous to, if not identical 
with, the formation of concretions in clays and shales. It is 
probable that in this way the crystals may be formed, which rather 
rarely are found filling the cavities in the Chara incrustations, 
left by the large axial cells of the plant. The fact that in the 
great majority of cases these cell cavities are entirely empty or 
are simply mechanically filled with fine particles of marl, is a 
most serious objection to considering that this form of chemical 
precipitation is an important one in the history of marl, but that 
it is occasionally operative is extremely probable. _ 

6. It is possible that the thick incrustations may have been 
formed at some earHer period in the history of the lakes when 
conditions for the development of the plant forms and their 
activities were greater. This is not probable however, for the 
thick incrustations are often found from the surface of the marl 
beds throughout the entire deposits. 

In addition to the marl analyses given above a check analysis 
was made of a specimen of material made up from the washings 
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and fragments of a mass of Chara plant~ collected from Cedar 
Lake, and allowed to die slowly and to break up in water kept 
cold and fresh by conducting a small stream from the hydrant 
through it. The plants gradually died, broke up, and settled to 
the bottom of the containing vessel and seemed to undergo 
farther disintegratio.n there from the growth of fungi, eventually 
forming a relatively finely divided deposit which was of rather 
dark color, when wet. A quantity of this was dried at 100°C., 

some of the longer and larger fragments of stems were removed, 
and the residue was weighed and subjected to the same treat
ment as the marl samples. The ana!ysis gave the following: 

Grade (1) I.12~ 

. (2) 24.43 
(3) - 14.63 
W L~ 
(5) 7·81 

~~~ f 33.83 

W ~~ 
(9) 0.12 

Soluble organic matter and loss - 9.41 

100.00 

It will be seen that nearly as much fine matter was present in 
this material as in the finest of the marls analyzed, and that the 
finer grades of sifted material are quite as well represented as 
in the finer marl. The material is somewhat more bulky for a 
given weight and is perhaps slightly darker in color, but not 
much more so than many samples of marl. 

Grade for grade it is identical in appearance and structure to 
the marl samples, and the only possible difference that can be 
detected is the slightly green tint and the organic matter present 
in the plant residue. It is also noticeable that the larger pieces 
do not show as thick an incrustation as do the larger pieces from 
the marl samples and, of course, Schizothrix and other coarse 
matter is not present. 

It will be seen by inspecting the analyses, that shells and 
recognizable shell fragments are but a very insignificant part of 
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the total quantity of the marl. It is surprisingly small when all 
things are taken into account. While it is probably true that not all 
the minute shell fragments have been separated in any of these 
analyses, it is also true that the weight of such overlooked 
particles is more than counterbalanced by marl fragments which 
are included within the cavities of the whole shells. and adhere 
to both broken and whole shells in crevices and sculpturings in 
such a way as to refuse to become separated in the processes of 
washing out the marl. The whole shells are mainly small, fragile 
forms, many of them immature, and it is evident that they would 
be broken by any action that would crush the Chara incrusta
tion. 

A second line of investigation took into consideration the 
milky appearance of the waters of some marl lakes. This has 
been considered by some investigators as possibly due to the 
presence of calcium carbonate precipitated from the water 
either by the liberation of dissolved carbon dioxid from the 
water and hence from the calcium bicarbonate or by change of 
temperature of the ·water after it has reached the lakes. 

The writer has not found among the marl lakes of the south
ern peninsula of Michigan that those with turbid water were 
common, even where marl banks were apparently forming with 
considerable rapidity . 

.. Merl" or Marl Lake in Montcalm county, situated on the 
same stream as Cedar Lake and a mile or more below it, is, 
however, one of the lakes in which the water is usually of 
almost milky whiteness, and has sufficient suspended matter in 
it to render it nearly opaque for depths of· a meter or a little 
more. The conditions in this lake are widely different from 
those at Cedar Lake and other marl lakes in the vicinity and are 
suggestive of the cause of the turbidity. At Cedar Lake there 
is a border of grassy or sedgy marsh extending around the lake 
on three sides and generally underlaid by marl, and the lake 
bottom slopes sharply and abruptly from the edge of the marsh 
to a depth of at least ten meters. In other words the lake is 
simply a deep hole, with steep sides, and perhaps represents the 
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deepest part of the more extensive lake which formerly occu
pied the area included by the marsh and marl beds. This marsh 
covering is general on the marl beds of the region and the lake 
may be said to be a typical marl lake for the locality in which 
it lies, for there are several others near by which are practically 
identical in essential points of structure. 

At Marl Lake, however, the filling of the lake has not reached 
the same stage. There is practically no open marsh, but the 
lake is shallow for seventy-five or a hundred meters from the 
shore, then abruptly deepens to an undetermined depth over a 
r~latively small area. The bottom over the shallow area is of 
pure white marl, and the water is apparently not more than sixty 
or seventy centimeters deep at the margin of the central hole, 
while near the shore it is scarcely one-third as deep. In brief, V 
here is a lake in which there is a broad platform of marl sur
rounding a deep hole, which again is all that remains of the 
deep water of a lake which is filling with marl. Boring shows/ 
that the bed of the lake is nearly as far below the surface under 
the marl platform, as where the marl h;rs not yet been deposited. 

Upon the shoreward edges of the platform and in small 
areas farther out upon it, the turf-forming plants are beginning 
to establish themselves, but as yet they have not made any 
marked impression, seeming to have a hard struggle to get a 
foothold. The conditions are then a broad area of shallow 
water overlying a wide platform of marl, which, if a strong wind 
should reach it, would be stirred to its depths, and with it the 

/ 

lighter parts of the marl upon which it rests. The marl thus 
stirred up, in turn,' is carried to all parts of the lake by surface 
and other currents and makes the water turbid. These facts led 
to an investigation as to the rapidity with which marl, once 
stirred up, would settle out of perfectly still water, and some 
interesting results were obtained. The experiments were made 
as follows: (I) A glass tube 1.58 meters long and 2.5 centi
meters wide was filled with distilled water, into which a quantity 
of finely divided marl was turned and the tube was shaken to 
insure a thorough mixing of water and marl. The tube was then 
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clamped into a vertical.position and left perfectly still until the 
marl had settled out, notes being made, daily at first, of the rate 
of settling. In the beginning, the heavier particles !:ettled 
rapidly, forming, as does clay in settling from water with which 
it is mixed, stratification planes, which, however, after a few days 
disappeared, an'd only the lighter parts of the marl remained in 
suspension. These were distinctly visible for five weeks, on 
looking through the tube towards a window, and at the end of 
six weeks, a black object lowered into the tube in a well-lighted 
room, was not visible beyond ninety centimeters from the surface 
of the water. (2} A glass cylinder with a foot, 38cID high and 7= 
wide, having a capacity of a little more than a liter was nearly 
filled with distilled water and the residue from the washings of a 
sample used in analysis was thoroughly mixed with it, and set 
aside, notes being made as before. This material subsided rather 
more slowly than the other, and at the end of ten weeks, under 
daylight illumination, the bottom of the vessel was barely visible 
when one looked down through the water from above. 

The results obtained by Barus I in his work on the subsidence 
'Of solid matter into suspension, in liquids, show that settling is 

much more rapid in water containing dissolved salts, even small 
proportion, than in distilled water, and the foregoing' experi
ments were checked as follows: (I) A cylinder about the size 
of the one used in the second experiment was filled with water 
in which a small amount of calcium chlorid had been dissolved, 
and ammonium carbonate was added until a precipitate was 
formed. This was stirred thoroughly and left to settle. In 
three days the precipitate had fully subsided and the liquid was 
clear. (2) Two cylinders of equal size were filled, one with 
distilled water, the other with water from a river fed, in part, by 
marl lakes. Equal quantities of fine marl were shaken up with 
the water and the rate of settling was compared. The marl was 
not as fine as that used in the other studies and settled more 
rapidly. The river water was clear in fifteen days, while the 

'CARL BAR US: .. Subsidence of Fine Solid Particles in Liquids." Bull. of the 
U. S. Geol. Surv., No. 36. 
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distilled water was not clear when' the experiment terminated, 
"'\I but was nearly so, showing that the subsidence was not quite so 

rapid in distilled water as in natural lake or river water. 
These results indicate that, if for any cause the marl in a 

marl lake is stirred up effectually, as it may be in those where 
the beds are exposed to w:ve action, the water will remain 
turbid for some time; even in summer time the chances are that 
there will be sufficiently frequent high winds to keep the water 
always turbid. It may be stated that in some of the lakes which 
have been studied by the writer, the marl beds have filled the 
entire lake to within a fraction of a meter of the surface of the 
water, with some parts only a few, centimeters deep. Until such 
shallows are occupied by vegetation the water is likely to be 
turbid from the mechanical action of waves upon the deposits. 
At Littlefield Lake, described elsewhere,' the water is only slightly 
turbid, although there are extensive shallows and exposed banks, 
but there the body of water is extensive and of considerable 
depth, while the greater part of the exposed marl is granular 
and the particles too coarse to be held long in suspensIon, and 
the finer deposits too small and too well protected to be reached \ 
by effective waves, so that the amount of suspended marl is not \ 
great enough to produce marked turbidity in the entire body of 
water. 

It may be worthy of note that the residue of suspen~ed 
matter, filtered out from the sample of Chara fragments (analy
sis (4) above) was sufficiently fine to give a marked turbidity 
to distilled water for several days, and at the time of filtering 
had not subsided, demonstrating the fact that very finely divided 
particles may originate from the simple breaking up of the 
Chara plants by ordinary decomposition of the vegetable matter. 

It is difficult to account for the fact that the deeper parts of 
marl lakes are generally free from any thick deposits of a calv 
careous nature. Lack of records of sufficient exploration makes 
any statement purely tentative, but about seven to nine meters· 

I C. A. DAVIS: "A Remarkable Marl Lake," JOUR. GEOL., Vol. VIII, No.6. 

• WESENBERG-LuND: Lake·Lime, Pea Ore, Lake Gytje. Saertryk nf Medde. 
lelser ira Dansk Geologisk Forening, NO.7, p. 156. 
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seems to be the limit of depth of recorded occurrence of Chara 
plants. The remains of the plants, then, would only accumu
late, in place, above that depth, and the material reaching 
greater depths would be that held in suspension in the'water, 
and hence be relatively very small in quantity and accumulate 
slowly. A possible additional cause of slow accumulation is 
that in the great~r depths, i. e., over ten meters, the greater 
abundance of dissolved carbon dioxid held in solution by pres
sure dissolves the finer particles of marl which reach these 
depths. 

From these investigation!> it seems (I) that marl, even of 
the very white pulverulent "type, is really made up of a mixture 
of coarser and finer matter covered up and concealed by the / 
finer particles, which act as the binding material. (2) That the 
coarser material is present in the proportion of from 50 to 95 V 
per cent. (3) That this coarser material is easily recognizable 
with the unaided eye and hand lens, as the incrustation pro
duced on the algae, Schizothrix and Chara, principally the latter, 
to particles less than one one-hundredth of an inch in diameter. v 
(4) That the finer matter is largely recognizable under the com
pound microscope as crystalline in structure, and is derived 
from the algal incrustation by the breaking up, through decay 
of the plants, of the thinner and more fragile parts, or by dis
integration of the younger parts not fully covered. (5) That. 
soine of this finer "matter is capable of remaining suspended in 
water a sufficiently long time, after being shaken up with it, to 
make it unnecessary to advance any other hypothesis to explain 
the· turbidity of the waters of some marl lakes, than that it is 
caused by mechanical 'stirring up the marl by wave or other 
agency. (6) That shells and shell remains are not important 
factors in the production of the marl beds which are of largest '/ 
extent. (7) That there is in marl a small amount of a water 
soluble calcium salt, readily soluble in distilled water, after 
complete evaporation. 

• A. J. PIETERS: Plants of Lake St. Clair, Bull. Mich. Fish Commission, NO.2, 
p.6. 
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Studies were undertaken to determine the method of concen
trationand precipitation of the calcium carbonate by Chara. 

As has already been indicated elsewhere, the calcium car
bonate is present on the outside of the plant as an incrustation, 
and this is made up of crystals, which are rather remote and 
scattered on the growing parts of the plants, and form a com
plete ~overing on the older parts, which is uniformly thicker on 
the basal joints of the stems than it is on the upper ones. Con
sidering the hypothesis that the deposition of the salt was the 
result of purely external chemical action as not fully capable of 
satisfying all the existing conditions, the formation of the 
incrustation was taken up as a biological problem, and an inves
tigation was made upon the cell contents of Chara, first, micro
scopically by the study of thin sections. Various parts of the 
plant were sectioned while still living, and the attempt was 
made to find out if the calcium carbonate was present as a part 
of the cell contents in recognizable crystalline form. Various 
parts of the plant were examined, but no crystals undoubtedly in v 
place among the contents of the cells were observed, although 
numbers were to be seen on outside walls of all cells. 

Next an a~tempt was made to determine the presence of the 
calcium in soluble form in the cell contents, by the use of dilute 
neutral solution of ammonium oxalate. An immediate response 
to the test was received by the formation of large numbers of 
minute, characteristic, octahedral crystals of calcium oxalate 
on the surface and imbedded in the contracted protoplasmic 
contents of the cell. The number of these crystals was so 
large, and they were so evenly distributed through the cell con
tents, that it was evident that a large amount of some soluble Y 
calcium salt was diffused through the cell sap of the plant. 
The next step was to isolate this compound and to deter
mine its composition. A considerable quantity of the growing 
tips of Chara were rubbed up in a mortar and the pulp was 
thoroughly extracted with distilled water. This water extract was 
filtered and tested to determine the presense of calcium and an 
abundant precipitate obtained by using ammonium oxalate, 
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which, on being separated and tested, proved to be calcium 
oxalate. I t was evident that the calcium salt in the plant was 
stable and readily soluble in water. This latter fact was farther 
demonstrated by evaporating some of the extract to dryness 
and again taking it up with water. Almost the entire amount 
of the calcium salt was redissolved, only a small portion ·of it 
becoming insoluble and precipitating as the ·carbonate. This 
ready solubility demonstrated the fact that the salt was not 

/ derived from the incrustation on portions of the plant used, and 
the same fact excluded from the list of possible compounds, 
salts of some of the mere common organic acids found in plant 
juices, which are insoluble. 

Qualitative chemical tests were, however, made to determine, 
if possible, whether any of these acids were present with nega
tive results, and it was demonstrated by this means that there 
was but a single salt present and not a mixture. Search was 
then made to determine the acid present, and a result obtained 
which was so unexpected that it was seriously questioned and 
the work was gone over again. The second result confirmed the 
the first and the work of ascertaining the correctness of these 
two results was turned over to Mr. F. E. West, Instructor in 
Chemistry in Alma College, who had had special training and 
much practice in organic analysis. His work was done entirely 
independently, with material gathered at a different season, and 
by another method of analysis, but his results were identical 

. with my own, and show that calcium exists in the water extract 
.J of Chara as calcium' succinate. The fact that the succinate is 

one of the few water soluble calcium salts and that there is a 
soluble salt of the metal in the cell sap of the plant makes it 
probable that this is the compound of the metal which the plant 
accumulates in its cells. 

I t is not possible from actual investigation to explain the 
method by which the calcium salt is abstracted from the water, 
where it exists as the acid- or bi-carbonate or the sulphate x in 

"it has been shown that Chara decomposes several calcium salts, the sulphate 
among others. 

Digitized by Google 



THE NA TURAL HISTORY OF MARL 50 5, 

small per cent., and is concentrated in the cells of the plan t as 
calcium succinate and later deposited upon the outside of the 
same cells as the normal or monocarbonate in crystalline form 
in considerable quantities, 

Some culture experiments which were undertaken by the 
writer to determine under what conditions of soil, light, and 
temperature Chara thrives best, incidentally demonstrated that 
the plant actually gets its lime from the water and not fro,m the 
soil. One of the soils which was used as a substratum in which 
to grow plants was pure quartz sea-sand which had been washed 
with acid to'remove any traces of calciul)l salt which might be 
present. The plants grew in this medium readily, and on the 
newer parts developed hearly, if not quite, as many calcium 
carbonate crystals as plants growing in pure marl. It should be 
apparent, however, to even the casual observer that the plants 
cannot take all ~he lime they precipitate from the soil, or even a. 
considerable part of it, for if they did the marl beds, being made 
up principally of Chara remains, would never have accumulated, 
for the material would have been used over and over again and 
could not increase much in amount, if it increased at all. In 
the present state of our knowledge of the life processes of 
aquatic plants, it seems hardly possible to state the probable L--
method of the formation of the caicium succinate, or even the 
probable use of it to the plant, and no attempt will be made by 
the writer in the present paper to do so. It .does seem probable, 
however, that this compound accu~'ulates in the cells, until it 
reaches sufficient density to begin tp diffuse through the cell 
walls by osmosis. Outside the cells. or in its passage through 
the walls, it is decomposed directly into the carbonate, possibly., 
by oxidation of the succinic acid by free oxygen given off by I,) 
the plants, possibly by some substance in the cell walls, or, 
more probably, by the decomposition of the acid by some of 
the organic compounds in the water, such as the organic fer-
ments, due to bacterial growth in the organic debris at the 
bottom of the mass of growing Chara. The water extract of 
Chara rapidly changes on standing. undergoing putrefactive 
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decomposition, becomes exceedingly offensive in odors .devel
oped, and calcium carbonate crystallizes out on the bottom and 
sides of the containing vessel, while the succinic acid disappears, 
gas, possibly carbon dioxid, being given off more or less abun
dantly. Whether these changes takes place on the outside of 
the living pla~ts, in the cell walls, or in the water surrounding 
the plants has not yet been determined. 

Sufficient evidence is here presented, however, if the writer's 
conclusions are correct, to show that the plants under discussion 
are active agents in the concentration of calcium salts in the 
fresh water lakes of Michigan, and that they alone have pro
duced a very large part of the marl which has accumulated 10 

these lakes. It seems probable also that the principles devel
oped by these studies are of very wide application in working 
out problems presented by formations developed under similar 
conditions elsewhere. 

ALMA COLLEGE, 

July 1,1901. 

CHARLES A. DAVIS. 
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PERKNITE (LIME-MAGNESIA ROCKS)' 

THERE are sometimes associated with diorites, gabbros and 
peridotites, dark rocks composed largely, or entirely, of mono
clinic amphibole or pyroxene, or both. These rocks differ 
mineralogically from diorites and gabbros, in containing little 
or no feldspar, and from peridotites in containing rhombic 
pyroxine or olivine in relatively small amount, if present at all. 
Chemically these rocks contain less alumina than diorites and 
gabbros, and less magnesia than peridotites. They are low in 
alumina and in the alkalis, moderately· rich in lime, magnesia, 
and the iron oxides. ,. 

The chief constituents of perknite are monoclinic amphibole 
and monoclinic pyroxene; the secondary constituents rhombic 
pyroxene, olivine and feldspar; the accessories biotite, iron ore, 
etc., but only one of the primary constituents may be present 
with none of the secondary constituents or accessories. The 
existence of this group of rocks has long been recognized, but 
from their occurrence usually in small masses, and from the fact 
that many of them are of simple composition so that the self
explanatory names pyroxenite and amphibolite or hornble~dite 
have answered, they have never been grouped together. under 
one name. 

In the State of New York" and in California 3 there are rocks 
containing both monoclinic pyroxene and amphibole as principal 
constituents, and doubtless this is likewise the case in many 
other parts of the world. Moreover, in California such rocks 
form areas of geological importance. There is, therefore, some 
reason in grouping all of these lime-magnesia rocks under a 
common name. It is proposed to call the group per/mite from 

J Published by permission of the Director of the U. S. Geological Survey. 

• G. H. WILLIAMS: Am. Jour. Sci., Vol. XXXI, 1886, p. 40. 

3 TURSER: Am. Jour. Sci., Vol. V, 1898, p. 423. Turner and Ransome. Sonora 
folio. 
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the Greek word 71'EP"~, meaning dark. It will include grano
lites of the following specific names: 

Pyroxenite. 
Hornblendite (Williams). 
Websterite (Diallage and ortho-rhombic pyroxene) (Wil-

liams). 
Diallagite. 
Hornblende-hypersthene rock (Merrill). 
Amphibole-pyroxene rock (Turner). 
The group may be graphically represented by the method 

employed by Hobbs' and his representation of a composite 
pyroxenite will approximate to that of a typical perknite. The 
following table of analyses will give the reader a notion of the 
composition of the rocks which may be properly included in 
this group. 

I. Hontblmdite.-Geo. Steiger, analyst. This partial analy
sis is here published for the first time. The rock is from a dike 
cutting through the basement complex and overlying Cambrian 
rocks, 2 km north of Silver Peak village, in Esmeralda county, 
Nev. It is composed chiefly of green hornblende with some 
feldspar. J'he rock grades into a basic diorite. 

2. Ampkibole-pyrozme rock.-W. F. Hillebrand, analyst. Not 
before published. Rocks of this type are very abundant in 
Mariposa county, Cal. Mr. F. M. Anderson, of the University 
of California, has likewise collected them in northern California. 
This rock in its typical development is composed of original 
pyroxene and amphibole in grains of nearly equal size, with a lit
tle quartz and pyrrhotite. Scattered through the rock are pheno
crysts about one centimeter in diameter, of brown amphibole, 
which contain in a poikilitic manner, as inclusions, the constitu
ents of the groundmass. 

3. Perknite (author's name,' penaotite).- Belchertown. Bull. 
U. S. Geol. Survey, No. 168, p. 30. L. G. Eakins, analyst. The 
rock is composed of hornblende, pyroxene, biotite, olivine and 
magnetite. 

J JOUR. GEOI.., Vol. VIII. 1900, p. 14. 
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ANALYSES OF PERKNITES; LIME-MAGNESIA ROCKS. 

I II III IV V VI VII 

Name HOI1lblead- Amphibole-
PerkDite Compooite pyroxeJle PyroxoDlte Weboterite Websterite . ite rock pyroxoDite 

SiO •••.••••. 46•28 48.04 48. 63 50.80 53·25 53. 21 . 52.58 
AI.O ........ ..... 7·82 5.32 3.40 2.80 1.94 3·69 
Fe.O •...... ..... 2.01 2·91 1.39 .69 1.44 1.90 
FeO •.•••... ...... 9.32 ' 3·90 8.11 5·93 7.92 6·50 
MgO ..••.... 19·54 13·33 21.79 22·77 19·91 20·78 20.86 
CaO ... 9·91 13·01 13.04 12·31 16.22 13·12 13. 23 
N •• O ..•.•.• 2.21 .69 ·34 I trace .19 .Il .22 
K.O •.••.... 1.89 .48 .23 trace .07 .10 
H.O-lIo·C ..... .17 ~ 2.81 I ·52 .05 .14 I ·57 H.O+llo·C · .... 2·90 .24 .87 
TiO •.•••.•• · .... 1.16 ·47 none · .... .26 .11 
zrO, ....... · .... . .... 0 •••• 0 •••• 0 •••• trace . ... 
CO •.•...... · .... none trace . .... · .... .10 I . ... 
PlOt ...... · .... trace .21 Ii'ace . ..... trace . ... 
SO ••.••••.. · .... .23 • · .... tract: · .... 0 •••• . ... 
S .... ...... 0 •••• ·90 · .... CI. .24 · .... FeS. .03 . ... 
V.O •..••••. · .... .... . · .... ..... .. .... .03 . ... 
Cr.O, .0 •••• 0 ..... ·90 ·36 .32 ·54 .20 . ... 
NiO ........ ..... .... . · .... . .... .07 ~ Nfl .03 . ... 

CoO 
MnO ••.•.••• · .... none .12 .17 ·09 .22 .11 

none { 
other 

BaO ........ · .... none trace ..... . ..... constitu-
ents 

srO ........ . 
none ·50 .... . .... . . ..... .... . ..... 

Li.O .•••.•. .... . .... .. ...... . .... . .... trace ·0 •• 

--- -------------
Total ..••. ....... 100.06 100.13 100.03 99·98 100·47 100·49 
Less 0 .... ...... ·45 ----1--· ---- 1-------

99.61 

4. Pyroztnitt.-Johnnycake road, Baltimore. Bull. U. S. 
Geol. Survey, No. 168, p. 42. Composed entirely of hypersthene 
and diallage. 

5. Wtbs/tritt.-From Mt. Diablo. W. H. Melville, analyst. 
Bull U. S. Geol. Survey, No. 168, p. 213, and Bull. Geol. Soc. 
Am., Vol. II, p. 406; analysis No. 242. The rock is composed 
of orthorhombic pyroxene and diallage. 

lOwing to analytical reasons this determination of ferrous iron is unsatis
factory.-W. F. Hillebrand. 

-This determination somewhat doubtful.-W. F. H. 
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6. We6stente.-Oakwood, Cecil county, Md. Composed of 
hypersthene and diallage. W. F. Hillebrand, analyst. Bull. U. 
S. Geol. Survey, No. 168, p. 43. 

7. Composite pyroxenite.-Hobbs,JOUR. GEOL., Vol. VIII, p. 30. 
This analysis is a composite from three analyses of pyroxenites, 
and one analysis of a hornblende-hypersthene rock from Gallatin 
county, Mont. 

Professor J. S. Diller, in his bulletin on .. The Educational 
Series of Rock Specimens,'" introduces three specimens which 
would fall into the perknite group. 

No. 110, a pyroxenite, is described by Professor George H. 
Williams. 

No. I I I, feldspathic peridotite, is described by Professor 
George H. Williams. 

No. 113, Cortlandite (hornblende-peridotite), is described 
by Williams and Iddings. The rock is composed of brown 
hornblende, olivine, pyroxene, biotite, feldspar, and magne
tite. 

Some rocks that have been termed wehrlite will fall also into 
this group. 

EFFUSIVE AND DIKE ROCKS 

Corresponding to the plutonic group of perknite there 
undoubtedly occur effusive and dike rocks. Professor Rosen
busch regards hornblende-picrites as effusive, and some of these 
have the chemical and mineral composition of perknite. This 
will also be true of augitites, since in these augite or monoclinic 
pyroxene is the chief constituent. 

Professor J. P. Iddings has been kind enough to criticise the 
above paper and calls my attention to the fact that my definition 
of perknite would bring into the group the kimberlite of Ken
tucky wit.h 9.46 per cent. of lime, and the kimberlite of South 
Africa with 9.60 per cent. of lime, as wellas the amphibole-peri
dotite of Schriesheim with 7.22 per cent. of lime. He also calls 
attention to the fact that with hypersthene-enstatite rocks there 

I Bull. U. S. Geol. Surv., No. 168. 
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may be very little lime present and yet they would not be peri
dotite. This brings us to the re-definition of peridotite, and I 
should define a peridotite chemically as a magnesia rock with 
usually less than 6 per cent. of lime. This would put a rock 
composed entirely of hypersthene or enstatite with the peri
dotites, where they certainly belong chemically. 

SAN FIlANCISCO, CAL., 

June 20, 1901. 

H. W. TURNER. 

• 
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THE BORDER-LINE BETWEEN PALEOZOIC AND 
MESOZOIC IN WESTERN A.MERICA 

THERE have been in recent years in America many contro
versies as to the Silurian-Devonian and the Devonian-Carbonif
erous boundaries; but American geologists have always felt 
secure as to the line of demarcation between the Paleozoic and 
the Mesozoic. This has always been thought to be marked by a 
grand chasm, a hiatus in stratigraphy and ~ break in life, 
accompanying a great change in physical geography, all of 
which is true of the region east of the Rocky Mountains. 

But later discoveries in the Great Basin region have shown 
that the gap is at least partly filled out by marine sediments, 
and that the hiatus is not universal in America. The most 
important of t~ese discoveries was the finding of marine Permian 
in northern Texas, with forms suggestive of the Mesozoic types 
of life, and the finding in southeastern Idaho of marine Lower 
Trias, with a fauna reminiscent of the Paleozoic. 

Recently there has been evident among geologists a tendency 
to revert to first conditions in determining the boundaries of 
geologic systems. They have been inclined to use unconformi
ties as the dividing lines between geologic groups, and to 
look upon geologic systems as realities, and not mere names for 
the convenience of stratigraphers. This must mean that tliey 
regard the geologic events that delimited the systems as of 
world-wide effectiveness, or even of cosmic .origin. But almost 
every trangression of the sea has been found to be balanced by 
a retreat elsewhere, every uplift to have its correlative subsi
dence. And in still 'other parts of the earth there may have been 
neither uplift nor subsidence. Even the Appalachian revolution 
did not effect the western Carboniferous Sea, and this is gener
ally admitted to have been one of the greatest events in the 
dynamic history of North Ame:-ica. 

In defining the upper Paleozoic and the lower Mesozoic no 
512 
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account was taken of conditions of formation, and this' has led 
to endless difficulties in correlation. The Upper Carboniferous 
was based entirely on lacustrine deposits, and the identification 
of its marine equivalent is still making trouble for geologists. 
The Permian was based on a basin deposit, partly lacustrine and 
partly of brackish water origin, and the recognition of its purely 
marine types has caused much controversy in Europe and Amer
ica. The Trias was based at first entirely on t,he deposits of 
the Germanic inland sea, and only recently has any uniformity 
been attained in its correlation and nomenclature. 

The greater divisions are now all named, and there is no room 
for new systems, all geologic time, and possibly something over, 
being taken up by those already defined. But because the first 
naming of' geologic divisions was based on unconformities, 
which represented erosion intervals and -consequent gaps in the 
record, further exploration must necessarily bring to ltght some
where in the world passage beds between the artificial systems. 
What rules then shall be followed in the correlation of these 
passage-beds, or new formations? If the new formations are 
shown to be the homotaxial equivalents of parts of systems 
already defined, there can be no question, for faunal or lithologic 
differences cannot be taken in account in different provinces or 
regions. 

If the new formation, however, lies between two systems, one 
of which is sharply defined and the other described only vaguely, 
as including the beds below or above the one with definite 
boundaries, then the passage-beds must naturally be assigned to 
the system with a flexible margin. 

If both the bordering systems should be definitely bounded, 
or if neither should be, then one or the other must be stretched 
to take in the passage-beds, and the assignment will be based 
on paleontologic relationship to one or the other. But if this 
relationship should be no closer to one than the other, then prior
ity of assignment would have to decide on the nomenclature of 
the doubtful beds. 

The geologists of India have for many years recognized that 
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in the Himalayas and the Salt Range there was a continuity of 
life and sedimentation from the Paleozoic into the Mesozoic, 
and there the line of demarcation has been arbitrary. The 
stages or zones used in drawing this paleontologic line in India 
have become types, and are used in interregional correlation 
wherever similar beds are known. A section is given below of 
the uppermost Permian and the Lower Trias of India, for con
venience of comparison with the American section. 

SECTION OF THB PERMIAN AND LOWER TRIAS OF INDIA AFTER WAAGEN, DIENER, 

AND NO ETLING 

{ 

Middle- Upper Ceratite limestone. 

{
. S Flemingites beds. 

Trias L Cerabte sandstone 1 Staehella beds. 
ower {' Otoceras beds Ceratlte mar!s. . 

• Lower Cerabte hmestone. 

{ ~ Upper Produetus limestone, with Cyclolo""s oIdAami, and 
P Upper XmasjJis t:arIJo"aria. 
m~~~ Middle Produetus limestone, with XmasfJis t:ar6tntaria. 

Lo ~ Lower Productus limestone, with FUMi_ l4Ittu"sis. 
wer 1 Glacial beds. 

Waagen drew the line between Paleozoic and Mesozoic at 
the base of the Ceratite formation because of a supposed uncon
formity, and because the Permian types of brachiopods such as 
Protiuctus, CkoMtes, and the Orthidae have not been found above 
this line. But the unconformity has since been shown not to 
exist, and several of the Permian ammonite genera range up into 
the Ceratite formation, such as Otoceras, Medlicottia and Xenaspis. 

The upper Productus limestone is acknowledged to be younger 
than any known European marine Permian, and the Otoceras 
beds are universally considered to be older than any Trias yet 
known from Europe; therefore the continuity of sedimentation 
and life makes it exceedingly difficult to draw a line that will 
satisfy everybody. And, indeed, if either the Trias or the Per
mian had been named first in India, there would have been no 
division of this series. 

The Wichita Permian of Texas, while carrying forms such as 
MedJicottia, Waag-enoceras, and Poptz1l()Ceras, harbingers of the 
varied Triassic ammonites of later times, contains in its other 
members so many Paleozoic types that no one would think of 
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classing it in the Mesozoic. There can be no controversy as to 
its age, which is approximately equivalent to that of the lower 
Produc~us limestone of India. It lies conformably on the Coal
measures, and contains many species that have ranged up from 
the latter. 

But above the Wichita Permian lies the great series of the 
Red Beds. These have been assigned sometimes to the Permian 
and sometimes to the Trias, and they, doubtless, belong to both. 
Marine fossils have been found in these Red Beds only in three 
places. The Geological Survey of Texas 1 found in the Double 
Mountain formation at the falls of Salt Croton Creek, Kent 
county, Texas, Medlicottia, WlUlgenoceras, and Pkuropkorus, all 
akin to forms from the Wichita beds. The writer has examined 
these forms and recognizes them to be still typically Permian 
in character, although they are very near the top of the forma
tion. Above these beds lies the fresh water .. Dockum" series 
referred by Cope to the Trias. 

C. N. Gould' has recently found marine and brackish-water 
Permian fossils in the Red Beds of Oklahoma, in the Cimmaron 
series; the forms still being of Paleozoic type, such as Conocar
dium, Aviculopecten, Sckizodus, Pkuropkorus, and Bakevellia. The 
stratigraphic position of these is equivalent to the Double 
Mountain beds of Texas, and they belong unequivocally ~o the 
Paleozoic. 

In the Red Beds of Utah, at Ft. Douglas near Salt Lake City, 
F. Frech3 has found Pleuropkorus im!Jricatus Waagen, AI/orisma 
conf. elegans King, Emondia aspinwalknsis Meek, Sckisodus 
scklotlteimi King, and Dalmanella sp. indet., a fauna that would 
pass for Paleozoic anywhere, and belongs in the same horizon as 
the Double Mountain beds of Texas and the Cimmaron series of 
Oklahoma and Kansas. They are the homotaxial equivalents 
of the Upper Permian. 

'Geological Survey of Texas, Second Annual Report, 1890. Report on the Geol· 
ogy of Northwestern Texas, by W. F. CUMMINS, p. 408. 

-JOUK. GEOL., Vol. IX, 19o1. NO·4, p. 337. 

'Lethaea Geognostica, Vol. II, Lieferung 3. 1900, p. SIS. 
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From the close of the Coal-measures the land encroached on 
the basin-sea by a progressive westward uplift, and the brackish 
water and basin deposits take a successively higher plact; in the 
geologic column towards the west. Thus somewhere in the eastern 
part of the Great Basin region marine intercalations of Lower 
Trias may be expected to be found in the Red Beds. Indeed, 
this formation in southeastern Idaho lies above and conformably 
upon the marine limestones with a Lower Triassic fauna. It is, 
then, in the upper part of this Red Beds ~ormation, in the fresh 
and brackish-water deposits and its rare marine facies, that we 
are to seek for· the transition from Paleozoic to Mesozoic. 

C. A. White I has described from the Aspen Mountains of 
Idaho a marine fauna older than any Trias known up to that 
time in America, and younger than any known Permian. The 
Meekoceras beds in which this fauna was found he assigned to 
the Lower Trias. According to A. C. Peale ~ this formation lies 
conformably upon the Carboniferous, and below the Red Beds. 
The Meekoceras fauna was found near the base of the series, which 
here has a thickness approximating three thousand feet. The 
Carboniferous limestone below contained Productus mu/listriatus 
Meek, which has been found by the writer in the uppermost 
Paleozoic beds of California, and has been cited as a character
istic fossil of the Permian of northern Europe. 

Since that time Professor Alpheus Hyatt and the writer have 
visited the Meekoceras beds, and their joint collections yielded; 
Meikoceras graci/italis White, M. (Gyronites) aplanatum White, 
M. (Koninckites) musltbackanum White, Aspidites, F/emingites, 
Pseudosageceras, Ussuria, Opkiceras, C/ypites, Danuhites, Nannites, 
and a number of new genera. 

. The writer 3 has previously described the Ceratite limestone 
of the Lower Trias of Inyo county, California. During the past 

I Twelfth Ann. Rep. U. S. Geol. and Geog. Surv. Terr., Part I (1880). Triassic 
Fossils from Southeastern Idaho • 

• Bull. U. S. Geol. and Geog. Surv. Terr., Vol. V., No.1 (1879). Jura-Trias 
Section of Southeastern Idaho and Western Wyoming, p. 119. 

3 JOUR. GEOL., Vol. VI, No.8, 1898. Geographic Relations of the Trias of Cali
fornia. 
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winter he has visited this locality and added a great many species 
and genera to the collection from that formation. Those now 
known from there are: Meekoeeras gracilitahs White, M. 
(Gyronites) aplatutJum White, M. (Koninckites) musltbaeltanum 
White, M conf. radiosum Waagen, M. conf. /aicatum Waagen, 
M. aff. boreale Diener, Aspidites, Prionolobus, Danubites, Proptyckites, 
Xellaspis, ueanites, Nannites, Ussuria, Pseudosageceras, and Clypites, 
besides a number of new genera. Several of the species, both 
new and described, are idet:ttical with forms from the Meekoeeras 
beds of southeastern Idaho, with no greater difference in the 
fauna than might be expected in localities separated by six 
hundred miles. 

Below the Meekoeeras beds of Inyo county lie several hundred 
feet of barren shales, and below these is siliceous limestone con
taining Fusulina. Above the Meekoceras beds are eight hundred 
feet of calcareous shales with impressions of ammonites, and 
then a few feet of black limestone with Aeroekordiceras, Hungarites, 
Tirolites, Ceratites, and Xmodiscus, and Parapopanoceras, probably 
belonging to the base of the Middle Trias. The entire series 
appears to be conformable, from the Upper Carboniferous to the 
Middle Trias. 

The fauna' of the Meekoeeras beds of Idaho and California is 
most intimately related to that of the Ceratite formation of 
India, and of the homotaxial Proptyckites beds of Ussuri in eastern 
Siberia. Meekoceras, Gyronitts, Koninckites, Danuhites, Proptyckites, 
and Opkictras are known both in the Ceratite formation of India, 
and in the Ussuri beds of Siberia; Pseudosageceras and Ussuria 
are known elsewhere only in the Ussuri formation; and the 
species of all these regions are nearly related, in part apparently 
identical. 

It is, therefore, plain that the correlation of the Ceratite 
.formation of India has a direct bearing on the determination of 
the age of the Meekoceras beds of America. Albert Oppel, who 
in 1865 described fossils from the Ceratite formation of India, 
referred them at first to the Jura, and then afterwards to the 
Trias, as typical Jurassic beds were found considerably above 
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them. But before this, in 1863, de Koninck, who also described a 
number of ammonites from the Ceratite formation, referred them 
very doubtfully to the Paleozoic, because they were supposed to 
have come from the Productus limestone. C. L. Griesbach' who 
first described the fauna of the Otoceras beds of India, referred 
them to the Lower Trias, in which he has been followed by 
Wilhelm Waagen· and Carl Diener.3 These writers consider the 
lower part of the Ceratite formation to be younger than any 
known Permian, and older than any fauna described from the 
European Trias, but they regard the affinities of the species as 
closer to known Mesozoic types, and the beds were considered 
as homotaxial with the lower part of the Werfen sandstone, the 
base of the Trias in the Mediterranean region. Now since this 
part of the Mediterranean section is barren of fossils, this corre
lation is based entirely on the stratigraphic position of the 
Ceratite formation. 

C. Diener4 , in describing the fauna of the Proptycleites beds 
of Ussuri Bay in eastern Siberia, correlated them with the Otoeeras 
beds of India. because of the occurrence of several species com~ 
mon to the two regions. It is, therefore, evident that while the 
correlation of the Ceratite formation of India with the ProptyclUtes 
beds of Siberia and the Mukoceras beds of western America may 
be accepted as correct, the final determination of the age of these 
beds depends entirely on a comparison with the type of the 
Lower Trias, the Buntsandstone of Germany, and the Werfen 
beds of the Alps. 

In spite of the weakness of this argument, the Ceratite forma
tion of India has until recently gone unquestioned as the type 
of the strictly marine equivalent of the Lower Trias, and all 

• Records Geol. Surv. of India, Vol XIII, 1880. Paleontological Notes on 
the Lower Trias of the Himalayas, p. 94. 

• Mem. Geol. Surv. India, Pal. Indica, Ser. XIII. Salt Range Fossils, Vol. II .. 
Fossils from the Ceratite Fonnation. 

3/6itf., Ser. XV. Himalayan }o'ossils, Vol. II, Part I. Cephalopoda of the 
Lower Trias. 

·4 Mem. Com. Geol. St. Petersbourg, Vol. XIV, NO.3. Triadische Cephalopod en
faunen der Ostsiberischen Kiistenprovinz. 
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correlations of the marine beds have been made by comparison 
with it. During the last year F. Noetling,' paleontologist of the 
Geological Survey of India, has startled geologists in their fancied 
security, by the statement, based on his later investigations, that 
the Otoceras beds of India belong to the upper Permian, and are 
older than the Werfen beds of the Alps. As they lie conform
ably upon the upper Productus limestone, they represent, accord
ing to Noetling, strata of which the equivalents are lacking in 
tht: European section. Accordingly he proposes to call the 
entire Ceratite formation upper Permian, and as a name for the 
stage he proposes the term Bactrian. If this should prove to 
be correct it would throw the Ceratite formation of India, the 
Proptyckites beds of Siberia, and the Meekoceras beds of Idaho 
and California into the upper Permian. 

A. von Kraft,' also of the Geological Survey of India, agrees 
with Noetiing, but only as to the Permian age of the Otoceras 
beds; the upper part of the series where Meekoceras and Flem
ing;tes are so abundant he regards as certainly of lower Triassic 
age. He says that Medlicottia dalailamae Diener of the Otoceras 
beds is identical with M. wY1znei Waagen of the upper Productus 
limestone, and that Cyclolobus oldhami Waagen and Xenaspis 
carbonaria Waagen, which in the Salt Range occur in the mid
dle Productus limestone, in the Himalayas occur in the Kuling 
Productus shales only twenty or thirty feet below the Otoceras 
beds. This would make the bottom of the Otoceras beds (the 
lower Ceratite limestone) the equivalent of the upper Productus 
limestone of the Permian. This argument, however, might work 
both ways, for it would just as well prove that the upper Pro
ductus limestone belonged to the base of the Trias, since in any 
case the division line must be arbitrary. Nor would the finding 
of Productus itself in the Otoceras beds prove them to be 

'Geol. Surv. of India, General Rept. for 1899 (1900). Notes on the Relation
ship between tbe Productus Limestone and tbe Ceratite Formation of the Salt Range, 
and Neues Jabrbucb fiir Min. Geol. und Pal., 1900. Bd. I, p. 139. Ueber die Auffin
dung von Otoceras sp. in der Salt Range. 

'Centralblatt fUr Min. Geol. und Pal. Bd. II. 1901. p. 275. Ueber das Permische 
Alterder Otoceras-Stufe des Himalyas_ 
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Paleozoic, for if Otoceras, Medlicottia, Xenodiscus, and Xenaspis can 
range into the Mesozoic, there is no known reason why Productus 
should not have done so. Indeed, Xenaspis and Xenodiscus 
range up into the Middle Trias, associated with faunas charac
teristic of the Muschelkalk. 

C. Diener J meets Noetling's argument by stating that if 
the Ceratite formation of India is not of Lower Triassic age, 
then we have nowhere in the world a strictly marine equivalent 
of the Werfen beds, and that we have the anomaly of Middle 
Triassic beds lying conformably on Permian. He shows that 
the marine Permian of the Alps, which lies below the Werfen 
beds, has not the fauna of the Otoceras beds, but one analogous 
to that of the Productus limestone. Diener admits that the 
Otoceras horizon is older than the fossilferous portion of the 
Werfen beds, but thinks that the rule of priority of reference 
must be followed, where there are no paleontologic grounds 
against it and many for it. He also cites a recent paper by A. 
Bittner • to show that there is found in the Proptychites beds of 
Ussuri a typical pelecypod and brachiopod fauna of Werfen 
character; it must be admitted, however, that this fauna was 
not found with the ammonites, and might belong considerably 
above them. . 

The most direct comparison with the European Trias has 
been made by Lukas Waagen,3 who shows that in the Ceratite 
marls and the Ceratite sandstone of India he has identified a 
number of pelecypods identical with forms characteristic of 
middle and upper Werfen beds of the Alps. This leaves the 
question about as A. von Kraft stated it. The Ceratite forma
tion, from the Ceratite marls up, certainly belongs to the Lower 
Trias, since the Werfen beds are the type, while the Otoceras 
beds of the Himalayas, or their equivalent, the lower Ceratite 
limestone, may belong to the upper Permian. But the fauna of 

I Centralblatt ftir Min. Geol. und Pal. Bd. I, 1900, p. I, .. Veber die Grenze des 
Perm- und Triassystems, etc." 

• Ml!m_ Com. Geol. St. Petersuourg, Vol. VII, 1899, .. Verstein. aus den Trias-Abla
gerungen des Stid-Ussuri Gebietes in der Ostsibirischen Ktistenprovinz. 

3 Centralulatt ftir Min. GeoI. und Pal. Bd. I, 1900, p. 285. 
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the lower Ceratite limestone and that of the Ceratite marls are 
so similar that a separation of the two is out of the question, 
and even the genus Otoceras is found in the latter. Now, since 
these doubtful beds are younger than any accepted Permian, and 
older than any authentic Trias, they might with equal propriety 
be assigned to either, and we shall have to extend one or the 
other system to include them. The question will have to be 
decided either by paleontologic relationship, or by priority of 
reference. The Otoceras beds contain Meekoceras, Proptyckilu, 
Opkiceras, and several other ammonite genera that have ne'ver 
been found in the Paleozoic; they contain also Medlicottia and 
Otoceras that are more characteristic of Upper Permian; but they 
lack the Productidae and Orthidae that characterize the Permian 
formation. Thus the paleontologic evidence is about equal in 
favor of a reference to either Paleozoic or Mesozoic. But the 
geologists that described the fauna of the doubtful beds have 
almost unanimously referred them to the Lower Trias, and this 
must be the final verdict. 

The fauna of the Meekoceras beds of Idaho and California is 
most intimately related to that of the Ceratite marls and the 
lower part of the Ceratite sandstone of India, with most of the 
genera in common, and several species that seem to be identical. 
And although the writer has searched carefully for Otoceras in 
both places, no trace either of this genus or of Medlicottia was 
found. It seems likely, then, that even if the bottom of the 
Ceratite formation should be cut off from the Trias and assigned 
to the Permian, this change would not affect the nomenclature 
of our American formations that are now considered as the bot
tom. of the Mesozoic series, and the Meekoceras beds will stand 
as the type of the marine Lower Trias, where White and Hyatt 
placed them in 1879. The real transition from Paleozoic to 
Mesozoic must be sought in the conformable series below the 
Meekoceras beds, and above the Fusulina limestone. 

STANFORD UNIVERSITV, 

California. 

JAMES PERRIN SMITH. 
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,STUDIES FOR ,STUDENTS 

THE CONSTITUENTS OF METEORITES. II 

Gtass.-This is an abundant constituent of the stone meteor
ites, few if any being entirely without it. It is variously dis
tributed, occurring now as vein matter, now scattered through 
the substance of chondri, now enclosed in the substance of a 
single mineral, and now enclosing various minerals. 

In the Parnallee, Mezo-Madaras, Chassigny, Farmington and 
a few other meteorites it has been described as forming a net
work in which the other minerals are imbedded. Its ocurrence 
in this manner is rare, however, it playing usually a merely acces
sory part. It chiefly abounds as inclusions and intergrowths in 
chrysolite, taking in this association a great variety of forms. 
Other minerals too, frequently have inclusions of glass. It may 
occur in fragments of considerable size or the particles may be 
of a dustlike minuteness. 

Its abundance in chondri has already been mentioned. By all 
these occurrences a rapid crystallization or cooling of the 
meteorite substance is strongly indicated. Like the glass of 
terrestrial lavas it seems to be the result of cooling so rapid a:s 
to prevent differentiation and orderly crystallization of the 
magma. The especial abundance of glass in meteoritic chrys
olite, the least fusible and therefore the earliest cooling ingre
dient further favors this conclusion. 

The prevailing color of the glass of meteorites is brown. 
Much is however colorless and some occurs so dark as to be 
opaque. Grayish and greenish tones occur but are rare. 

Cltromilt'.-Nearly all stone meteorites give on analysis· a 
small percentage of chromium which is usually considered as 
being present in the form of chromite, FeO,Cr,lOs' The 
mineral is not so abundant in the iron and iron-stone meteorites 
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but has been detected in several and in the Coahuila irons occurs 
in nodules of considerable size (I 7mm X I 2mm). 

It is identical with terrestrial chromite in composition and 
properties. Not being acted upon by acids, it may be readily 
distinguished from daubreelite. It is generally non-magnetic, 
but sometimes feebly magnetic. Where crystals occur they are 
commonly octahedrons, sometimes modified by other forms. 

A11IQrphous carbon.-Meteorites of the group known as car
bonaceous meteorites, as well as some others, are permeated by 
a dull-black pulverulent coloring matter which is usually left as 
a residue on treatment of the meteorite with acid. This residue 
sometimes amounts to from 2-4.5 per cent. ·of the mass. 

A residue similar in character though smaller in amount is 
likewise found after dissolving many of the iron meteorites. 
These residues on being heated in air glow, usually become 
lighter in color and give off carbon dioxide. They must there
fore be considered practically pure carbon. 

Berzelius and Wohler believed this carbon to have originated 
so far as the carbonaceous meteorites are concerned, from the 
decomposition of the hydrocarbons of the latter. In this respect 
they regarded it analogous to terrestrial humus, though of very 
different origin. Smith considered it similar in origin to the 
graphite of iron meteorites and Weinschenk believes it similar to 
one of the forms of carbon produced in the making of cast iron. 
No indications that it had an organic origin have ever been dis
covered. 

Dia11lQnd.-The existence of diamonds has been definitely 
proven in only two meteorites, those of Calion Diablo and Nowo
Urei. Diamonds have, however, also been reported from the 
irons of Magura and Smithville and the stone of Carcote. The 
diamonds of the Cafton Diablo meteorites have been most 
studied. Here they are found as minute particles or dust left 
as a residue after dissolving the meteorite in acid. The particles 
rarely exceed ~ mm in diameter. They are usually brown to 
black in color but sometimes are colorless and transparent. 
They accompany graphite, amorphous carbon and often troilite 
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and schreibersite. They have a tendency to gather in little 
clefts or hollows and are not regularly distributed. Their char
acter as diamond is proven chiefly by their hardness, but analy
ses and a study of their behavior in polarized light give 
confirmatory results. Huntington found some also which showed 
crystal forms of diamonds. The occurrence of diamonds in 
meteorites suggests interesting analogies with their terrestrial 
occurrence. Knop and Daubree call attention to the fact that 
the peridotic rocks in which terrestrial diamonds occur are the 
rocks most nearly allied in composition to meteorites. In the 
iron meteorites, as Moissan has proven satisfactorily by experi
ment, diamond is to' be considered a form in which, under certain 
conditions of heat and pressure, carbon separates. Moissan 
obtained diamonds by heating to a high temperature iron satu
rated with carbon and allowing it to cool under pressure. The 
carbon was then found to exist in three forms, graphite, foliated 
carbon, and a diamond powder which latter corresponded to 
that obtained from the Canon Diablo meteorites. 

A form of carbon resembling graphite but differing in hav
ing a hardness of 2.5 and being isometric in crystallization, has 
been noted in the Magura, Cosby's Creek, Youndegin, Toluca 
and a few other iron meteorites. It was first discovered by 
Fletcher, who considered it a distinct species and gave it the 
name cliftonite. Other authorities, however, regard cliftonite 
as a pseudomorph after diamond, since its crystals closely 
resemble those of diamond in form. 

Daulwlelite.-This mineral is an iron-chromium sulphide pecu
liar to meteorites. Its composition is Fe S, Cr2 S3' It is found 
in nearly all the cubic iron meteorites and has also been identi
fied in the irons of Toluca, Nelson county, Cranbourne, Canon 
Diablo and others. It has never been found in stone meteorites. 
It usually accompanies troilite, either bordering nodules or cross
ing them in veins. Sometimes, however, it occurs as thin plates 
or grains. It is black in color, has a black streak,_ is of metallic 
luster, brittle and not magnetic. It is infusible before the blow
pipe and becomes magnetic in the reducing flame. It is not 
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attacked by hot or cold hydrochloric acid, but is completely 
dissolved by nitric acid without the separation of free sulphur. 
This solubility distinguishes it from chromite. Its system of 
crystallization is not known though it exhibits rectangular and 
triangular partings which indicate one of the systems of high 
symmetry. Meunier obtained the mineral artificially by treat
ing an alloy of iron and chromium at a red heat with hydrogen 
sulphide. 

Tridymitt.-This mineral has been positively identified in 
only one meteorite (Steinbach), but it probabiy also occurs in 
the Vaca Muerta and Crab Orchard Mountains meteorites. These 
are all ironstone meteorites. In the Steinbach meteorite it 
forms from 8.5 to 33 per cent. of the non-metallic constituents 
and occurs intergrown with bronzite. 

Maskelyne, who first described the mineral, considered it on 
account of its optically biaxial character a new orthorhombic 
form of silica and gave it the name of asmanite. Since tridy
mite is now known, however, to exhibit biaxial characters and 
the minerals agree in most other respects, they are generally 
considered identical. 

Tridymite occurs in meteorites in the form of rounded grains 
or plates, some of which reach a length of 3 1IlID. They are 
colorless to white to rusty brown in color. 

Well developed crystals are rare but from facets on rounded 
grains a total of twelve forms has been determined. 

Analyses show a composition of practically pure silica, with 
iron oxide and magnesia present as impurities. 

Lawrnu:itt.-This is a solid ferrous chloride which has been 
described from the iron meteorites of Tazewell, Smith Mountain, 
and Laurens county. Formula Fe CI.. Color green to brown. 
While described in the solid form from only the few meteorites 
mentioned, the presence of lawrencite in many other iron meteor
ites is generally believed to be indicated by the greenish drops 
which exude on their surfaces. These drops are ferric chloride 
or mixtures of ferric and nickel chloride, while occasionally 
pure nickel chloride occurs. 
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The meteorites from which ferric chloride exudes disinte
grate with especial rapidity. Such meteorites are often known 
as .. sweating" meteorites. The" sweating" is rarely noted in 
ironstone or stone meteorites, but the small percentage of chlo
rine found in the analysis of many of these meteorites is usually 
referred to lawrencite. Some authorities hold that the substance 
is not an original constituent of any meteorite, but is wholly of 
terrestrial origin. This is not the general opinion however. 

Ferrous chloride has been noted among the sublimation 
products at Vesuvius and is reported as having been found in 
the terrestrial nickel-iron of Ovifak . 

Magne!i/e.- Several stone or ironstone meteorites have been 
found to contain black, magnetic grains which dissolve in hydro
chloric acid without effervescence to form a yellow solution. 

In the meteorites of Shergotty and Dona Inez these are suf
ficiently abundant to form an essential constituent. They con
stitute 4.57 per cent. of the Shergotty meteorite. Similar grains 
occur as inclusions in maskelynite, pyroxene, and chrysolite in 
the above and other meteorites. They are regarded as mag
netite. 

No well marked crystals of meteoritic magnetite have as yet 
been described. 

Magnetite has been reported as a constituent of several iron 
meteorites though only one analysis has been made. that of 
Meunier of magnetite from the crust of one of the Toluca irons. 
The composition of this agreed with that of terrestrial magnet
ite. Several other iron meteorites show magnetite in their 
crust. Here, however, the magnetite may have originated from 
the oxidation of the iron of the mass since its arrival upon the 
earth. 

Magnetic spherules have been dredged up from ocean d.epths, 
which Murray and Renard regard as particles of meteoric iron 
oxidized to magnetite since their arrival upon the earth. 

Oldkamite.-This is a simple calcium sulphide with the for
mula Ca S2' Grains of it were found by Maskelyne embedded 
in the enstatite or augite of the Bustee meteorite. It is light 
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brown in color and transparent when pure. Hardness 4, specific 
gravity 2.58. It is isotropic and has equal cleavage in three 
directions, hence is doubtless isometric. In the Bustee meteor
ite it occurs in rounded grains, coated with gypsum through 
alteration. 

Certain yellow grains found in the Bishopville meteorite· were 
also considered by Maskelyne to be this mineral. Aside from 
these two occurrences it has not been positively identified in 
any other meteorite. 

Calcium sulphide resembling oldhamite was obtained by 
Maskelyne by heating caustic lime in a glass tube, first with 
hydrogen, then with hydrogen sulphide. Vogt has noted a 
similar compound formed in furnace slags. 

It·has not been found as a terrestrial mineral. 
On dissolving the oldhamite of the Bustee meteorite, Maske

lyne found a residue constituting about 0.3 per cent. of the 
weight of the former, consisting of yellow octahedrons of micro
scopic size. These were found to be unaffected by acids or 
oxygen, while qualitative tests indicated sulphur, calcium, and 
titanium or zirconium. Maskelyne regarded the mineral there
fore an oxysulphide of calcium and titanium and gave it the 
name osbornite. No other occurrence of the mineral is known. 

Hyd,oca,6ons.-The hydrocarbons found in meteorites may be 
divided, following Cohen,' into three classes: (a) compounds of 
carbon and hydrogen; (6) compounds of carbon, hydrogen and 
sulphur; and (c) compounds of carbon, hydrogen and oxygen. 
They especially characterize meteorites of the class known as 
carbonaceous, which includes seven or eight distinct falls of mete
orites of black color, low specific gravity and containing a sen
sible amount of carbon. They have. been obtained ,from some 
other meteorites however, such as those of Collescipoli and Goal
para. The hydrocarbons of the first class are obtained by treating 
these meteorites with alcohol or ether. They are resinous or wax
like bodies which completely vol;ltilize on the application of heat. 
When heated in a closed tube the :resinous substances first fuse, 

I Meteoritenkunde. Heft. I, p. 159. 
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then are decomposed to form amorphous carbon and an oil hav
a bituminous or fatty odor. Such substances were considered 
by Wohler similar to the mineral wax ozocerite and by Shepard 
they were designated meteoritic petroleum. ~riedheim states 
that a substance extracted by him from the meteorite of Nagaya 
by means of ether had a bituminous odor, volatilized at 200 0 

and resembled a product of distillation of brown coal. A similar 
substance extracted by Roscoe from the meteorite of Alais was 
found to have a composition corresponding nearly to the formula 
C H,.... 

Hydrocarbons of the second class were obtained by Smith 
by treating the graphite of iron meteorites and some carbona
ceous meteorites with ether. These compounds were fusible 
and volatile. He regarded them as having the general compo
sition C 4 H llIS 5 • He obtained similar products by treating 
cast iron with ether or petroleum as did also Berthelot by the 
action of ether on sulphur or iron sulphide in the presence of 
oxygen. 

Hydrocarbons of the third class have been obtained from 
the meteorites of Orgueil and HessIe. The Orgueil extract 
resembles peat, humus or lignite in its composition and proper
ties. That from Hessle has approximately the composition 
n C,Hs0 ,l • 

The above mentioned facts make it clear that a number of 
meteorites contain products of an easily destructible, volatile, 
and combustible character which resemble terrestrial bitumens, 
petroleum or oxygenated hydrocarbons. The quantity of these 
products is relativefy small, being less than I per cent. in the 
majority of meteorites in which they occur. Yet that they 
occur at all is significant. While some have urged that these 
products might have arisen from the union of their elements in 
the terrestrial atmosphere there seems little reason for doubting 
their pre-terrestrial origin. There is no evidence that life had 
anything to do with their origin. We must conclude then that 
they were formed in an inorganic way by a union of their ele
ments. The conclusion at once suggests the possibility that 
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terrestrial hydrocarbons need not always be referred to an 
organic origin, but may have been formed in a purely inorganic 
way. 

The occurrence of hydrocarbons in meteorites further shows 
that such meteorites could not have been subjected to any 
high degree of heat subsequent at least to the formation of these 
compounds, and that the heating of m~teorites during their fall 
to the earth has in many cases been only superficial. 

The trails of light, sometimes enduring several minutes, 
observed following in the wake of some meteors may perhaps 
indicate the presence of carbonaceous matter in those bodies. 
The stone shower which took place at Hessle was accompanied 
by luminous effects and with the stones fell a brownish-black 
powder which contained 7I per cent. carbonaceQus matter. 
Other carbonaceous meteorites have fallen, however, without 
exhibiting any marked luminous phenomena. 

Otlur compounds.- Besides the above well-determined com
pounds a number of others have been reported at different times 
which are (I) present in insignificant amount or (2) their 
occurrence has not been confirmed, or (3) they may be of ter
restrial origin. Among these a few may be mentioned: Quarts. 
This mineral, as is well known, is remarkable for its absence 
from meteorites. Yet it doubtless does occur in minute grains 
in a number of iron meteorites, since on dissolving them a 
residue is left, the grains of which possess the properties of 
quartz. Its occurrence in any stone or ironstone meteorite has 
never yet been established. Pyrite. This mineral has been 
reported a number of times, but sufficient proof to establish its 
identity has not been given. Von Siemaschko reported from 
the meteorite of Ochansk a brass-yellow pentagonal dodecahe
dron of which, however, he gave no measurements. Daubree 
found in the meteorite of Senhadja, bronze-yellow grains insolu
ble in hydrochloric acid, soluble in aquaregia and altering easily 
to iron sulphate. While these and other observations suggest 
pyrite they are not conclusive. Salts soluble in water. Several 
of the carbonaceous meteorites as well as one or two others give 
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on evaporation of the water extract a residue of soluble salts' 
reaching in quantity in one case as high as 10 per cent. of the 

e salts includ cium, magne 
and ammon sand chlorid 

meteorites in OCcur are ver 
show other eration these 

onsidered to y terrestrial 
of the meteorite and not to exist as original constituents. Dau
bree, however, gives good reasons for regarding the sodium 
chloride which he found in the Lance meteorite an original con
stituent. These reasons are that the meteorite had lain only 
th d 'n a clayey b d b f as pickea up d I 

have come ne nente. This 
meteorite of ring in the f 
crystals. Th the mineral 
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ments. It has been suggested that it was of secondary onglO. 
As it was found well within the interior of some masses, this, 
however, hardly seems likely. This is the only carbonate known 
from meteorites. 

A number of other minerals have been reported from meteor-
ufficient grou g to the writ 
onclusion. ers them do 
epts most 0 ese are: A 
'tanite, garnet, ieo, aragonite 
ende, antltoplty clase. 

Mineral aggregates.-The different aggregates which the com
pounds above described form in different meteorites are too 
various to be recorded here in detail. For an account of 
these, reference should be made to the elaborate classifications 
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3 Die Meteoriten in Sammlungen. Tiibingen, 1897, pp. 447-460. 
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iron-meteorites, as already indicated, are made up chiefly of 
nickel-iron, with schreibersite, troilite, daubreelite and a few 
other minerals occurring as accessories. 

Of the ironstone meteorites the largest quantity are of the 
so-called pallasites, formed chiefly of chrysolite and nickel 
iron. Nine falls of this group are known, having a weight of 1742 
kilograms. In the group known as siderophyrs, represented by 
one fall (82 kilos), of meteoritic matter, bronzite and tridymite 
are associated with the nickel-iron. In the group of mesosid
erites (grahamites) represented by ten falls (483 kilos), of 
meteoritic matter, the nickel-iron is accompanied by chrysolite, 
bronzite, plagioclase, and augite. In the group lodranite, com
posed of one fall with a weight of I kilo, chrysolite and bronzite 
are associated with nickel-iron. 

Passing to the stone meteorites the following groups and 
weights may be noted: 

A. Stones rich in calcium and magnesium and containing little or no 
nickel-iron. 

I. Angrite. Chiefly augite. One fall, weight 0.4kar• 
2. Eukrite. Augite and anorthite. Four falls, weight 9,ke. 

3. Shergottite. Augite and maskelynite. One fall, weight Ski'. 

4. Howardite. Augite, anorthite, bronzite, and chrysolite. Ten falls, 
weight Ski'. 

B. Stones rich in magnesia and containing little or no nickel-iron. 
I. Bustite. Diopside and bronzite. Two falls, weight 1.7ki'. 

2. Chassignite. Chiefly chrysolite. One fall, weight 0.9ke. 

3. Chladnite. Chiefly orthorhombic pyroxene. Four falls, weight 9k i'. 

4. Amphoterite. Chiefly chrysolite and bronzite. Three falls, weight 40ki'. 

C. Stones rich in magnesia and consisting essentially of chrysolite, 
bronzite, nickel-iron, and iron sulphide. Here belong the great majority of 
stone meteorites. 

A comparison of the constituents as above described with 
those of the crust of the earth brings to view some interesting 
similarities and contrasts. Under simi/an'ties may be noted the 
fact that the elements of meteorites are the same as those of 
the earth and that they unite according to the same chemical and 
physical laws. No new element has been discovered in meteor
ites and the ch~mical compounds of meteorites similar to those 
of the earth agree even to the details of their crystal form. 
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Under contrasts it may be noted that two agents which have 
affected largely the composition of the crust of the earth have 
been lacking either wholly or in part in the formation of meteor
ites. These agents are water and oxygen. The lack of water 
is proved by the fresh and unaltered character of the minerals 
found in meteorites and the absence of all hydrous minerals. 
Thus the chrysolite of meteorites is never found serpentinized nor 
are the pyroxenes changed to chlorite nor the feldspar to kaolin. 

Further, zeolites, micas, epidote, tourmaline and all other 
minerals in the formation of which water and water vapor play 
a part are entirely lacking from meteorites. 

Similarity, oxygen, at least in excess, is lacking from the 
constituents of meteorites. Such substances as nickel-iron, 
schreibersite, and lawrencite, which make up so large a part of 
the composition of meteorites would rapidly have been oxydized 
had they been exposed to the action of oxygen as it occurs 
upon the earth. The silicates of meteorites are however oxydized 
compounds which show that oxygen is present to some degree 
in space. 

Again, as noted by Cohen,' the important rock-forming min
erals of the crust of the earth are either lacking or play an 
insignificant part in the formation of meteorites. Such are 
quartz, orthoclase, the acid plagioclases, the micas, the amphi
boles, leucite, and nepheline. Vice versa, the chief mineral con
stitutents of meteorites occur in but insignificant amount upon 
the earth. Such are nickel-iron, the orthorhombic pyroxenes 
and chrysolite, while such compounds as schreibersite, cohenite, 
lawrencite, oldhamite, daubreelite and troilite rarely or never 
occur terrestrially. Looked at quantitatively then it may be said 
that terrestrial rocks abound in free silica, lime, alumina, and 
alkalies, while meteorites abound in iron, nickel and magnesia. 
Whether these quantitative differences would be maintained if 
the constitution of the earth as a whole could be compared with 
that of meteorites, is, as hinted at the beginning, doubtful. 

OLIVER C. FARRINGTON. 

, Op. cit., p. 323. 
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Among the innumerable phases of the 

great calamity which has fallen upon our 

country and the world in the tragic death 

of PRESIDENT McKINLEY, the loss of a 

generous friend of science is by no means 

the least. The prosperity of the scientific 

bureaus under his administration has been 

as marked in improved organization and in 

method as in extension and in generous 

patronage, and the establishment of a new 

bureau in the interest of scientific and com

mercial precision is a laudable feature of 

special moment. 
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EDITORIAL 

IN December, 1898, Mr. G. K. Gilbert presented to the Geo
logical Society of America a paper upon ripple-marks and cross
bedding in which he undertakes to explain t4e large ripples of 
the Medina formation.' Mr. Gilbert became satisfied that these 
ripples differ "in no respect except size from the familiar ripple
mark of the bathing beach and the museum slab." In order to 
account for the size of some of the large ripples upon this 
theory he has inferred that the waves producing them were sixty 
feet high and made in "a large ocean." 

In the July number of the American Geologist, .professor H. 
L. Fairchild objects to the deep ocean theory of the origin of 
these ripples, and brings evidence to show that they are beach 
structures. • 

Without going into the details of either of the articles men
tioned the present writer wishes to call attention in this con
nection to a paper upon the origin of beach cusps published in 
this JOURNAL (September-October, 1900, Vol. VIII, pp. 481-
484), and to suggest that the explanation of the giant ripples 
spoken of by Gilbert and Fairchild is to be found in the seaward 
extension of beach cusps. The beach cusps are from sixty to 
eighty feet apart, from a few inches to three feet in vertical 
height and· extend oceanward in approximately parallel lines. 
They are formed by the interference of two sets of waves of 
translation, and are therefore to be looked for not only on tl\e 
beach where they appear at the water's edge, but as far out as 
the waves drag upon the sea bottom, and always pointing away 
from the shore. This theory appears to account readily for all 

I Ripple-marks and Cross-heddi_g, by GROVE KARL GILBERT. Bull. Geol. Soc. 
Amer. Vol. X, pp. 135-140. 

• Beach Structures in Medina Sandstone, by H. L. FAIRCHILD. Amer. Geologist, 
Vol. XXVIII, pp. 9-14. 
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the phenomena observed in connection with the ripples in the 
Medina without doing violence to the theory of the shallow 
water origin of those beds. J C B • • RANNER. 

THE experiment of holding the summer meeting of the 
American Association for the Advancement of Science as far 
west as Denver may be regarded as a success. The attendance 
compared favorably with what has previously been realized at 
several meetings in the interior, though for obvious reasons it 
was less than the attendance at meetings held in the- more 
populous and accessible centers of the East. The papers and 
discussions, so far as one could judge from listening to those of 
a single section and from current opinion, also compared favor
ably with those of average meetings. There was less diversion 
from the specific purposes of the association by formal social 
functions which were few, and there was correspondingly greater 
real social intercourse between fellow scientists, because the 
intersessional intervals were more largely left free for this, 
a most laudable feature. The provisions for scientific excur
sions, at least in geologic lines, were notably more ample than 
usual and were arranged for the afternoons of the regular session, 
the morning sessions being extended to make this possible. The 
facilities for general and varied excursions at the close of the 
formal sessions were exceptionally generous. Only one feature 
of the general appointments and of the environment needs to be 
singled out for adverse comment, and that was the dreary silli
ness of the Denver press which, apparently recognizing its limita
tions in reporting appreciatively and intelligently the real 
scientific news, tried to make up for its inabilities by stale witti
cisms and coarse cartoons, interspersed with extravagant personal 
laudations of .. the-greatest-scientist-on-earth" type. A few 
subjects relating to the economic interests of the region and to 
popular themes were, however, well reported. 

The general addresses were excellent; that of retiring; 
President Woodward was an incisive and discriminating discus
:sion of the progress of science, graced with an artistic marshaling 
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of lights and shadows as wholesome as it was skilful; that of 
Vice-President Van Hise on the philosophy of ore deposition 
was clear, strong and effective, and especially laudable, as a 
popular address in a mining region, for its unhesitating advocacy 
of the unpalatable as well as the acceptable phases of his 
doctrine. 

Previous to the meeting a ten-day excursion of geologists 
was planned by Professors Van Hise and Emmons and carried 
out in a most admirable manner. The selection of routes and 
places from among the phenomenal possibilities of Colorado 
certainly made no small demands upon the knowledge and dis
cretion of those in charge, but no whisper of a possible improve
ment was heard. The climax of interest was reached in the 
San Juan Mountains, where the exemplification of many and 
varied phases of geological phenomena from the Archean to the 
Pleistocene is marvelously impressive. The aid rendered by 
prominent citizens at various points visited and the generous 
hospitality extended to the party were beyond all praise. It 
would be a delight to acknowledge our obligations in special and 
individual terms, if, beginning with the exceptional courtesies of 
Walsh, Lay, and Freeland, it were possible to find an end of the 
list. ' About two dozen geologists participated. 

The four geological sessions were crowded with papers well 
distributed over the various departments of geology and 
embodying much of exceptional interest and value. The papers 
read before the Geological Society of America, presented on 
the first morning, were as follows: .. Account of the Geological 
Excursion," C. R. Van Hise; .. Junction of the Lake Superior 
Sandstone and the Kewee!lawan Traps in Wisconsin," U. S. 
Grant; .. Hydrographic History in South Dakota," J. E. Todd; 
"The Still Rivers of Western Connecticut," W. H. Hobbs; 
.. Geology of the Northeast Coast of Brazil," John C. Branner; 
.. Clas!>ification of the Geological Formations of Tennessee," 
James M. Safford; "Horizons of Phosphate Rock in Ten-

. nessee," James M. Safford. 
The following papers were presented before Section E: 
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"The Effect of Diurnal Heat on Glacial Activity," J. E. Todd; 
,. On Extra Terrestrial Stresses," E. Haworth; .. On Stoping as 
a Factor in the Formation of Terraces," T. C. Chamberlin; "On 
.Campodus, Helicoprion, Acanthus and other Paleozoic Sharks," 
Charles R. Eastman; .. The Oscillations of the Coast Ranges of 
California," A. C. Lawson; .. Some Features of the Geology of 
Golden, Colorado," H. B. Patton; .. The Geological Occurrence 
of Oil in Colorado," A. Lakes; .. Report on Some Studies Rela
tive to Primal Questions in Geology," T. C. Chamberlin; "A 
Plea for Greater Simplicity in the Language of Science," T. A. 
Rickard; .. Sandstone Intrusions near Santa Cruz, California," 
J. F. Newsome and J. C. Branner; .. On the Pleistocene Deposits 
of Iowa," Samuel Calvin; .. Problems of the Quaternary 
Deposits of the South Platte Valley," George L. Cannon; 
.. Physiography of the Boston Mountains, Arkansas," A. H. 
Purdue; .. Some Problems of the Dakota Artesian System," 
James E. Todd; "A Quantitative Study of Variation in the 
Fossil Brachiopod Platystrophia biforta, Sch!.," E. R. Cumings 
and A. V. Mauck; .. Interpretation of Some Drainage Changes 
in Southwestern Ohio," W. G. Tight; .. The Minerals and 
Mineral Localities of Texas," F. W. Simonds; .. The Minerals 
Associated with Copper in Southeastern Arizona and South
western New Mexico," G. H. Stone; .. The Extinct Glaziers of 
New Mexico and Arizona," G. H. Stone; .. Note on Certain 
Copper Minerals," A. N. Winchell; .. The Areal Geology of the 
Castle Rock Region," W. T. Lee. The o~cers of the section 
were: C. R. Van Hise, vice president, and H. B. Patton, secre
tary. Those elected for the ensuing year are: O. A. Derby, of 
San Paulo, Brazil, vice president; and F. P. Gulliver, of South-
boro, Mass., secretary. C. 
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THREE PHASES OF MODERN PALEONTOLOGY 

1. UinJacrinMS: Its Structure and Relations. By FRANK SPRINGER. 

(Mem. Mus. Compo Zool., Vol. XXV, pp. 1-90, 8 pIs., 
Cambridge, 1901.) 

II. Oriskany Fauna 0/ Becraft Mountain. By JOHN M. CLARKE. 

(Mem. New York State Mus., Vol. III, NO.3, 128 pp., 9 
pIs., Albany, 1900.) 

III. Stratigrapkical Stlccession 0/ tke Fossil Floras 0/ tke Pottsville 
Formation in tke Soutkern Antkracite Coal Field. By DAVID 

WHITE. (U. S. Geol. Surv., Twentieth Ann. Rept., Part I I, 

pp. 749-930,13 pIs., Washington, 1901.) 
Three notable contributions to our knowledge of fossil organisms 

have lately appeared from the hands of the printer. They are notable 
as making distinct advancements in paleontology.· They are notable 
as typifying the three distinct phases into which the science relating to 
ancient life has finally resolved itself. They are notable as model 
works of their kind, each representing the general subject from a very 
different viewpoint, and hence show very diverse modes of treatment 
and the very diverse character of paleontological inquiry of today. 

1. The crinoids have long been an attractive theme to geologists. 
Ever since the discovery by Marshtin 187°, of the remarkable Creta
ceous crinoid afterward called Uintacrinus, great interest has been 
taken by paleontologists in each new accession. Grinnell, Meek, 
Willison & Hill, and Logan, in this country, and in Europe, Schliiter 
and Bather, have described carefully the known material. It has 
remained for Mr. Springer, so· long intimately associated with the 
lamented Wachsmuth, to give us a magnificent monograph on the sub
ject, including a large amount of new information derived from rich, 
lately discovered material. And this after one would naturally think 
that about all that it was possible to say had been said .. 

The !special charm and value in this work is the strictly morpho
logical character that it presents. In this respect it fully keeps up the 
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same high standard of excellence that made the Norlh America" Cri,,
oidea Camerata of Wachsmuth & Springer so acceptable to all stu
dents of fossil organisms. 

Unusual interest centers in the composition of the base of Uinta
crinus. A feature that has long been regarded as fundamental in the 
separation of the larger taxonomic groups is here found in one and 
the same species. .. Considering the apparent identity of these forms 
in every other point of structure, coupled with their mode of occur· 
rence and association, I do not see how such association [as made by 
Mr. Bather] can possibly be made in this cas.e. We therefore have 
apparently to deal with a case of individual variation as to this sup
posed primitive character, within the limits of a species. That is to 
say, in this species, living in the same locality, having the same 
environment, floating in the same mass, certain individuals matured to 
represent one stage of larval development, i. e., with infrabasals; and 
others in another stage, ;. e., with basals only. 

In short, there are the two supposed distinct types, Monocyclica and 
Dicyclica, occurring in both young and adult of one and the same species. 
It will not do to say that the species is dicyc1ic, but in certain individuals the 
infrabasals are not developed, or are hidden by the centrale, or have dis
appeared by atrophy, If this were so, the centrale ought to be interradial 
in both cases: whereas, as alr~ady shown, its orientation is reversed from 
one to the other, precisely as in the typical monocyclic and dicyclic forms. 

Such a condition is believed to be unique among the crinoids. 
The bearing upon certain recently proposed classifications of the 
crinoids is also important. Bather and Jaekel have both severely 
criticised Wachsmuth & Springer's classification and have erected 
schemes that are" sought by the modern biologist." 

"There is no doubt," says Mr. Springer, "that each author who 
undertakes to express his ideas of descent in a new scheme of classi
fication does so in the belief that his own structure is a substantial 
pyramid whose base is firmly established upon the ruins of the top
heavy contrivances of his predecessors. With regard to the crinoids, 
there have appeared, since our monograph of the Camerata, two 
elaborate classifications, each avowedly based upon phylogenetic prin
ciples, viz., that of Mr. Bather, already mentioned, and one by Dr. 
Jaekel, whose general researches and great works upon the crinoids 
of Germany constitute a rich contribution to science. The views of 
the latter author are to be developed in full detail in his magnificent 
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"Stammesgeschichte der Pelmatozoen," the first part of which, 
embracing the Thecoidea and Cystoidea, has just been published. 
He, likewise, finds fault with Wachsmuth & Springer, because, in his 
opinion, they have dealt with the morphological conditions as they 
found them too much from an anatomical standpoint, and have not 
sufficiently taken into account the import of the modifications due to 
descent. He finds in the changes in the systematic arrangement of 
the crinoids made by Wachsmuth & Springer in their successive 
writings, proof that the right road to the solution of the great ques
tions of classification had not yet been found. We have, therefore, 
two new and almost simultaneous phylo,!;enetic classifications, by two 
of the most eminent living authorities, both predicated in part upon 
the insufficiencies of Wachsmuth & Springer's system, and each 
believed by its author to be a new and correct reading of the race 
history of the crinoids. From such sources, and following such a 
preface, we should not unnaturally expect a brilliant illumination of 
the road, in search of which their predecessors have floundered in 
darkness. But to our dismay we find that instead of celebrating a 
conclusive settlement of these questions, we are only invited to witness 
fresh controversy. For these new chroniclers do not read their history 
alike, and their two classifications are about as diametrically and 
fundamentally opposite as anything could be." 

Uintacrinus presents a striking resemblance to the living crinoid 
Actinometra in the eccentric position of its mouth, the central position 
of the anus, the absence of any calcified ambulacral skeleton on disk, 
arms and pinnules, the structure and distribution of the disk ambu· 
lacra, the form and proportions of brachials, and distribution of 
syzygies, the variable size of the anal tube, and the in~tability of the 
base. 

The systematic position of Uintacrinus will be a matter of contro
versy for a long time to come .. As yet hardly any two authorities 
agree in placing it in the same position. 

Wherever it may belong, and whatever its line of descent, there is no 
doubt that Uintacrinus is both a protean and convergent form more remark
able than any we have hitherto encountered among the crinoids. Along with 
great variability in the base and interbrachial regions, it combines: 

The interbrachial system and fixed pinnules of the Camerata; 
The pliant test of the Flexibilia ; 
The large visceral cavity of both of these; 
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The exoclyclic disk and open ambulacara, and the arms, pinnules, and 
syzygies of Actinometra ; 

The free· floating character of the Comatulre ; 
The dicyclic base of the Dicyclica; 
The monocyclic base of the Monocyclica. 

A noteworthy feature that should receive special mention in con
nection with this monograph is the distribution of study material, 
illustrating the points and structures discussed, to some of the prin
cipal museums. It is a feature that could well be imitated by other 
workers in paleontology. In this way the principal type specimens 
have been deposited in the Museum of Comparative Zoology. A large 
slab has been placed in the National Museum at Washington; it con
tains specimens exhibiting most of the characters discussed. A fine 
series of specimens have also been sent to the British Museum, and to 
the Royal Museum of Natural History at Berlin, where they will be 
accessible to European students. 

2. As stated by Dr. Clarke, in his prefatory note to the Oriskany 
Faufla of Buraft Mountain, the original purpose of his work was 
solely to depict the character and composition of the Oriskany fauna 
of Becraft Mountain, which of itself displays many features of interest. 
In its progress, however, various questions have arisen which concern 
the intrinsic value of the fauna and its importance in correlation. Yet 
without an understanding of the fauna itself it would be impracticable 
to discuss the latter problems, and for this reason the title of th~ paper 
is restricted to the principal argument of the work, to which the dis
cussions of a somewhat broader scope are corollaries. 

A fauna which finds its highest development at Becraft Mountain, 
near Hudson, in Columbia county, N. Y., links together in the char
acter of its species, the calcareous shales and limestones of the Lower 
Helderberg and the normal Oriskany sandstone. 

The interesting bearings of this asse~blage of species, its new forms and 
new associations and its real importance in the correlation of the Lower 
Devonian are sufficient reason for presenting its characteristics in detail. 

A brief account of the stratigraphy of the mountain is given, and 
also the general New York section as recently revised. Accompanying 
these is a small geological sketch-map of the Becraft Mountain syncline. 

The greater portion of the memoir is devoted to the description of 
species, which are finely illustrated by nine plates of figures. A table 
of the vertical range of species occurring in the region is given. 
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Witb our present knowledge there are thus 113 recognizable, distinct 
specific forms in the fauna of the Oriskany !it Becraft Mountain, and of these 
94 are identifiable with species already known or are clearly new forms 
peculiar to the fauna. Of the 94. 25 preceded the introduction of tbe 
Oriskany sedimentation, having been first described from the fauna of the 
Helderbergian. In the arenaceous beds of the Oriskany 23 occur; 10 range 
upward into the faunas of the Upper Helderberg (Ulsterian), but a part of 
these are restricted to the sandy, lower beds of this formation (Schoharie grit), 
and others have been noted only in the chert beds of Ontario, Canada, where 
tb~ int~rmixture of Oriskany and Onondaga species is well marked and lias 
been recorded by Schuchert. The fauna contains 35 species which so far as 
known are peculiar to it. On farther analysis of the table, it is evident in 
some cases that species which range down and upward are restricted to 
particular groups. Thus the alien trilobites are from the Helderbergian; the 
gasteropods are exclusively Oriskany; while the alien lamellibranchs are 
mostly Helderbergian. But the leading factor of the fauna. the brachiopod. 
bas its derivation as freely from below as in the Oriskany invasion. 

The faunal values of the different species are then summed up. 
Concerning the nature of the Oriskany fauna of New York, the 

author says: 

The fauna of tbe calcareous Oriskany is in no sense a mixed assemblage. 
or an intermingling of faunas of adjacent provinces. The sequence of life 
has continued without interruption from the Helderbergian (Kingston beds) 
into the sediments of the Oriskany and Onondaga limestone. 

It is extremely probable that important variations from the fauna of the 
Catskill shaly (New Scotland) limestone had already made their appearance 
in the Becraft limestone. and that we first become acquainted with some of 
these in the study of the calcareous Oriskany. No proof therefore could be 
adduced more emphatically confirmatory of the intimate faunal relations of 
the Helderbergian with the Oriskany fauna and its successors than the facts 
brought forward in this paper. 

The fauna discussed is that of the calcareous facies of the Oriskany for
mation. The sedimentary deposits of this and the neighboring sections were 
essentially limestones notwithstanding the silicious content. whether diffused 
through the mass or segregated as cherty secondary product. In the earlier 
presentation of this fauna it was regarded as of lower Oriskany horizon on 
account of the presence of many Helderbergian species, but we believe it will 
be more correctly construed as the representative of the proper and normal 
Oriskany fauna. the true fauna of this time·unit inclosed in the sediments of 
its proper habitat. 

A chapter is devoted to discussing the Devonic age of the Helder
bergian fauna and the base of the Devonic system in New York. 
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The fact of the presence of numerous Helderbergian species in the fauna 
ofthe Oriskany of Bp.ctaft Mount\lin, as an integral part of that fauna, not a 
casual intermixture, is sufficient demonstration that the fauna of the Helder
bergian became modified in its continued existence by the departure or 
extinction of certain of its species only. A fair percentage kept the field up 
to the time of and pending the incursion of species of the early Oriskany. In 
this way the former became a true and proper part of this new fauna with 
whose indicial species it coexisted throughout the remainder of its duratIOn. 
A modification so gradual as to permit such an uninterrupted existence can
not sever the close relation of the one fauna in its entirety to the other. It ~s 
therefore a natural corollary from the account given of the Oriskany fauna, 
to consider briefly the relation of the organic assemblage constituting the 
typical and normal Helderbergian to the Devonic type of organic life, and 
that formation in its relation to the Devonic system. 

Arguments are adduced from the intrinsic characters of the fauna, 
from correlation, and from stratigraphy. 

3. Of very different nature is Mr. White's work on the plants of the 
Pennsylvania Coal-measures. The stratigraphical interval which he 
considers is occupied by the Pottsville formation, Pottsville series, or 
Pottsville conglomerate. It is described as a series of largely arena
ceous beds of variable thickness which in eastern Pennsylvania lies 
between the Maunch Chunk red shale, or distinctly Lower Carbonif
erous, and the lower productive Coal-measures, or distinctly Upper 
Carboniferous. 

The investigation was intended to establish three propositions: (I) 
The exploitation and elaboration from, a stratigraphic standpoint, of 
the fossil plants of the Pottsville formation in the type region of the 
southern anthracite coal field j (2) the critical analysis and compara
tive study of the plant material collected, with a view to the diScovery 
of the existence of any natural paleontological subdivisions, zones, or 
horizons, and their paleontologic characters, or the species of strati
graphic value j (3) the discovery of the paleontologic limits as differ
ing or as agreeing with the lithologic limits of the type section, and 
the consequent paleontologic definition of the formation. 

The main aim of the investigation is the paleontologic definition 
of the terrane. 

Two other, largely concomitant, results that are either economic or sci
entific in their nature have also been reached in the process of the elaboration 
of the fossil plants of the formation in the typical region. The first, of some 
economic interest, is the correlation of the groups of beds, or of individual 
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coals wrought in disconnected or somewhat isolated portions of the southern 
anthracite field. The other, which concerns the question of general geologi
cal correlation, is the acquisition of data for the determination of the age of 
the Pottsville formation-i. e., (a) the time interval represented by the type 
section, and (6) the equivalents, in a broad sense, of the formation in other 
basins of this province and in other parts of the world. Incidentally also, 
through the discovery in the Pottsville of floras already more or less com
pletely known from isolated and un correlated terranes in other rc;gions of the 
United States, the way is opened to the proper reference and correlation of 
those terranes with the Pottsville, or with portions thereof. 

As introductory to the consideration of the plant remains as a 
means of ge910gical classification there are presented a sketch of the 
general geological structure of the southern anthradte coal field, a 
description of the Pottsville formation in the typical locality, the com
position of the formation, the coals contained, and their commercial 
names as guide horizons. 

A type paleobotanic section of the Pottsville is then discussed, and 
the groupings of beds are enumerated. The various species and their 
observed distribution within the formation and in the field is given 
in detailed tabulated form, in which all the species are listed, together 
with their respective ranges. The floras of the several subdivisions 
indicated are discussed in some detail. The correlative comparison 
of the horizons of the southern field with those of the other anthracite 
fields is of special interest. 

A considerable portion of the memoir is devoted to the description 
of the most characteristic species of plants found in the Pottsville, 
and to notes on many other species. 

One of the most surprising, as well as interesting, facts observed in the 
study of the Pottsville floras is the large element that is common in the 
latter and to the flora described by Sir William Dawson frqm the supposed 
Middle Devonian beds of St. John, New Brunswick. In fact, taking into 
view the entire flora of the Pottsville formation in the Appalachian province, 
the identities in the composition of the floras are so great, with respect to 
Loth geQera and species, as to leave little room for doubt that we have in the 
.. Fern Ledges ,. at St. John beds of nearly the same age as the Pottsville 
formation in Pennsylvania. On the whole, while recognizing in the Potts
ville formation a group of terranes equal in rank to the Lower Coal-measures, 
Alleghany series, etc., I do not favor a classification which relegates the 
entire formation hard and fast to the Upper Carboniferous, but I even antici
pate a possible necessity for its permanent division into two groups, the lower 

Digitized by Google 



REVIEWS 

of which may eventually perhaps be referred to the Lower Carboniferous. 
From a paleobotanic standpoint the Pottsville formation is the beginning of 
Mesocarboniferous. 

Briefly stated, the following are some of the general conclusions 
reached: 

No evidence of a marked or general unconformity between the 
Pottsville and Mauch Chunk is noticeable in this region, though at 
various points within several hundred feet of the strata beds of small 
bowlders or coarse conglomerates are imposed, in knife-edge contact, 
on the distinctly uneven surfaces of olive-green mud·beds. 

The flora in the roof of the Buck Mountain coal, or its supposecl 
equivalents, at the base of the Lower Coal-measures at Pottsville is a 
typical Coal-measures flora, very distinct from the floras typical of the; 
Pottsville forma,tion. 

The fossil plants of the Pottsville formation in the type region 
exhibit a rapid development and series of changes or modifications, 
which, if treated with great systematic refinement, are of high strati
graphic value. With the exception of the species from the topmost 
beds of the formation, the ferns are, in general, readily distinguished 
specifically from those at the base of the Lower Coal-measures, or 
Alleghany series, as recognized in the northern United States, while 
the floras of the lower portions of the section are found, in passing 
downward, to bear still less resemblance to those of the Lower Coal· 
measures. Two principal divisions of the formation, to which com
paratively few fern species are common, are recognized. These divi
sions, which coincide with the natural grouping of the Lykens coals, 
are here termed the Lower Lykens division and the Upper Lykens 
division. A portion, including about two hundred feet of the type 
section between these two paleontologic divisions, contains a mixed 
flora, and has been temporarily designated the Lower Intermediate 
division. 

Further paleontologic study of the Pottsville formation appears to 
fully confirm the earlier conclusion, based on the examination of the 
plants, that the thinner sections of the formation along the northern 
and western borders of the Appalachian trough do not contain beds 
as old as those in the lower portion of the thick sections along the 
eastern border, t. g., in the Schuylkill and Great Flat Top regions. 
The positions of the respective floras in the sections plainly indicate 
a transgression of the sea toward the north and west during Pottsville 
time. 
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Both lithologically and paleontologically t~e Pottsville formation 
constitutes a division of the Carboniferous coordinate with the Lower 
Coal-measures, Alleghany series, etc. As such it forms the lower 
member of what may in a broad sense, be termed the Mesocarbonifer
ous in the Appalachian province. 

The lowest beds in the thickest sections, which appear to be con
tinuous by transition with the deposition of the Maunch Chunk red 
shales, are perhaps to be regarded as coarse, coast-detrital redeposi
tions, contemporaneous with the uppermost beds of the red shale or 
marine Lower Carboniferous sediments of other regions. 

The flora of the Pottsville formation is so far identical, in both its 
generic and its specific composition, with that from the supposed 
Middle Devonian beds at St. John, as to leave no room for a great 
difference in the age of the latter. 

CHARLES R. KEYES. 

Iowa G~ological Survey; SAMUEl. CALVIN, State Geologist; 
A. G. LEONARD, Assistant State Geologist; Annual Report for 
1900 (Vol. XI, 519 pages, 12 plates, 43 figures, 9 maps. Des 
Moines, 1901). 

In scope and style this report follows closely the previous volumes 
of the series. It includes the usual administrative reports, the statis
tical reports of the mineral production, and detailed reports on 
Louisa, Marion, Pottawattamie, Cedar, Page, and Clay and O'Brien 
counties, the last two being treated together. These reports are 
written by J. A. Udden, B. L. Miller, J. A. Udden, W. H. Norton, 
Samuel Calvin, and T. H. Macbride respectively. They contain a 
careful review in each case of the local geology and serve to put on 
record facts and observations which may be used in later discussion of 
the theoretical problems involved. Following the usage of the survey, 
these discussions are taken up as fast as the development of the gen
eral survey allows them to be intelligently discussed. In the case of 
Louisa county, for example, the problems of the drift of that region 
have already been discussed in their theoretical phases in Mr. Udden's 
report on Muscatine county, Mr. Norton's report on Scott county, and 
Mr. Leverett's well-known monograph.' In the Louisa report Mr. 
Udden gives many interesting and valuable details confirmatory of the 

'U. S. Geol. Surv., MOD. XXXVIII. The Illinois Glacial Lobe. 
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general conclusions already reached. In the Cedar county report, on 
the other hand, Mr. Norton places clearly before the reader the facts 
as to the structure and situation of the beautiful land forms to which 
McGee has given the name paha, and also states the various hypotheses 
which have been suggested for their origin. He makes no attempt, 
however, to balance the probabilities and reach a decision in the 
matter. The same method is observed in the discussion of the high 
dips observed in the Gower limestone of the Niagara. This is con
fessedly a difficult problem, and its solution is wisely left until the 
whole area shaH have been studied. 

In the reports on Page and Pottawattamie counties the survey 
takes up the southwestern portion of the state. Apparently most inter
esting results are likely to foHow this survey. Mr. Calvin's suggestion 
that the drift of Page county may be the pre-Kansan instead of the 
K~nsan fits in with many of the known facts of the field in Iowa and 
neighboring states. It is a far-reaching suggestion, and the develop
ment of the hypothesis will be watched with interest. In Pottawat
tamie county the facts are possibly susceptible of either interpretation. 
Mr. Udden does not, however, discuss the probabilities. His report 
is particularly interesting to the general student in the large use which 
he makes of mechanical analyses in the study of the drift. This is a 
method which seems likely to become more and more useful in the study 
of unconsolidated materials. The important results already reached 
by Whitney in the study of soils seem merely the forerunners of what 
is possible on a wider application of the method to the study of geo
logical problems in general. Mr. Udden's hypothesis of the origin of 
the rivers of the county is ingenious, but the argument is not alto
gether convincing. The suggestion that the surface of a great ice 
sheet would afford a better opportunity for the development of such a 
regular system of rivers than the drift surface left by the melting away 
of the ice seems open to question. The surface of the Kansan drift, 
it is true, is everywhere notably even. It is impossible, however, to 
suppose that so thick and widespread a drift sheet as this would be laid 
down without the development of moraines and other surface irregu
larities. Yet such irregularities, where they now occur, are very faint, 
and are apparently the marks of much greater original irregularities. 
The present plane surface seems likely to be a result of erosion itself. 
Remembering the long period since these 'older drifts were deposited 
and the manifestly great erosion to which they have been subjected, it 
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seems a bit fanciful to believe that the streams now have a general 
course originally developed on the top of the ice. It is also difficult 
to imagine how streams, granting that they were developed on the ice 
in a symmetrical fashion, could be transferred to the drift surface 
during the melting of the ice without disturbance of their arrange
ment. If the disappearance be supposed to be accomplished by frontal 
retreat, the edge of the ice itself will give a sufficiently marked line for 
the development of the cross streams, and the major streams would in 
all probability be developed normal to the ice front. This apparently 
accords with the facts of the field and does not involve the difficulty 
of accounting for the development of a vigorous surface drainage on 
the ice and its transfer to the drift surface without notable destruction 
of its arrangement. The whole problem is an interesting one, and 
certainly Mr. Udden's hypothesis, if valid, is widely applicable. If we 
are to be able from the present stream arrangement to infer so much 
regarding the condition during glacial times a considerable step in 
advance is made. This fact warrants the closest skepticism in exam
ining the hypothesis. 

The volume as a whole is one which geologists will welcome. 
While the long series of annual reports made up of separate county 
reports is confusing to one not familiar with the region, the survey is 
systematically building up a work which will prove valuable not only 
to students of the local geology but to geologists in general. The 
work will lend itself to final summary treatment, and in the meantime 
the county reports not only serve a useful purpose locally, but enable 
outsiders to keep in touch with the results. The progress map of the 
drift mapping (plate II) is particularly valuable in this regard. 

H. F. B. 

Beack Structures in tke Medina Sandstone. By H. L. FAIRCHILD. 

American Geologist, Vol. XXVIII, pp. 9-14, plates 2-6. 
In the July number of the American Geologist Professor H. L. 

Fairchild discusses the" Beach Structures in the Medina Sandstone." 
The features considered are certain troughs and swells of a breadth 
ranging from thirty to eighty feet. These are assumed to be of the 
same nature (probably in some cases the same examples) as those which 
formed the basis of Dr. Gilbert's theory of "giant ripples." Gilbert 
had concluded (Built/in Geol. Soc. Amer., March 1899) that with 
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"certain combinations of amplitude and frequency" the largest ocean 
waves might produce ripples having a length equal to half the height 
of the wave. The supposed giant ripples observed at Lockport, N. V., 
reached a length of thirty feet, implying waves sixty feet high in the 
Medina sea. Fairchild explains the same features as spits or rather 
beach ridges, sometimes observed in series of as many as four crests 
with intervening troughs. Of the fifteen halftones with which the 
article is illustrated, about one third are clear enough to show without 
doubt that the features referred to are of the same nature as those dis
cussed and figured in Gilbert's article. Four of the cuts show sand 
ridges on the present shore of Lake Ontario which are supposed to 
exemplify the process by which the features in the Medina were made. 
The remaining cuts and a few expressions in the article leave it in 
doubt as to whether the features observed were all of the type from 
which Gilbert's conclusions were drawn. The latter found no inter
vals of more than thirty feet from crest to crest; the article under dis
cussion refers to similar spacings of eighty feet. Gilbert's discussion 
of the features as ripples implies a symmetry or at least unity in the 
trough by which its breadth could be fairly estimated when only a 
portion could be seen. Fairchild speaks of the trough as only a 
"negative or passive element" which may have any width varying 
with the accidents which determine the location of a new beach ridge. 
The observations of both, and both interpretations, involve abundant 
cross bedding. Itwould seem that the two processes hypothesized would 
produce different dispositions of this crossbedding, as well as differ
ences in the symmetry of the trough. Gilbert shows by diagram the 
necessary arrangement of the crossbedding under various suppositions 
as to the shifting of the ripple system during deposition. It is quite 
improbable that the patterns in vertical cross section thus produced 
would be duplicated in a series of beach ridges. In the latter case the 
lamination on the landward side of an outer ridge should be plainly 
distinguishable from the lamination on the lakeward slope of the next 
ridge within. The lamination corresponding to this latter slope should 
disappear only in the most extreme cases of landward migration of 
the ridge, a condition quite improbable where a series of ridges is pro
duced. Fairchild's objection that ripple marks are not found of 
intermediate sizes between eight inches and the" giants" is certainly 
of interest. 

N. M. F. 
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The Beau/orfs Dyke, 0./1 tke Coast 0/ Ike Mull 0/ Galloway. By H 
G. KINAHAN. Proceedings of the Royal Irish Academy, 
Third Series, Vol. VI, No. I. 

In the Proceedings of the Royal Irish Academy, Third Series, 
Vol. VI, No. I, Mr. H. G. Kinahan, District Surveyor (Retired), H. M. 
Geological Survey, describes "The Beaufort's Dyke, off the Coast of 
the Mull of Galloway." This" dyke" is a deep trough in the bed of 
the Irish Sea nearer the coast of Scotland. The plate accompanying 
the article reproduced from the Admiralty charts, shows a long line of 
soundings of 100 to 148 fathoms, surrounded by a comparatively level 
bottom 70 or 80 fathoms deep. Attention is just now directed to 
these depths by the proposition to construct a tunnel from Scotland to 
Ireland. The geological interest lies in the fact that in this trough 
"there are sands, gravels and their adjuncts, at depths of from I 20 to 
144 fathoms that are carried backward and forward similarly to those 
on an ordinary sea beach." This is much deeper than the waves and 
currents even on most exposed coasts have been supposed to act. The 
vigor with which this deep washing occurs may be inferred from figures 
given in a table, which show that at one point the bottom was cut 
down by erosion from a depth of 1[7 fathoms to a depth of 146 fathoms 
from 1894 to 1897 or nearly 60 feet a year. At other times filling was 
similarly rapid. The origin of the dyke or trough itself is left in doubt 
but faulting and glacial action are suggested. The origin of currents 
capable of acting at that depth is the main subject of interest. It is 
assumed that while the effect of wind waves and tide waves is reduced 
to zero at moderate depths there are deep currents induced by these 
superficial waves, to the depth of whose action no definite limit is 
assigned. The author contrasts these currents with the ordinary tidal 
races which may be supposed to erode shallow places more than deep 
ones. He refers to his former publications for detailed proof that 
denudation by these currents in question" is in ratio to the depth of 
the water." The whole article goes to show that when the movements 
of water are controlled by channels or reflected from irregular shores, 
the coarseness of the sediments at given depths bears little relation to 
the mathematically computed power of the water for those depths. 

N. M. F. 
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INDIVIDUALS OF STRATIGRAPHIC CLASSIFICATION. 

INDIVIDUALS TO BE DISTINGUISHED. 

SHOULD geologists map the record of physical conditions or 
the record of biological conditions-rocks or fossils? Both, 
but with distinction. 

When the geologist enters the field to do stratigraphic work, 
one of the first problems to confront him is where he shall 
divide the series of rocks he is studying; and often, when ~ead
ing a paper, we are perplexed to know where these lines have 
been drawn and what the divisions are intended to represent. 
This discussion is an effort to arrive at a better understanding of 
what we classify and what may be mapped. 

Since the earliest days of geologic work there has been 
recognition of different kinds of rocks. For many years geolo
gists compared the various rocks they found, and correlated 
them from continent to continent on the basis of like physical 
conditions represented in the similar lithologic characters of the 
rocks, Identity of physical conditions was interpreted as indi
cating the same date, but we now know that the physical charac
teristics of rocks are repeated from time to time, and are diverse 
in different provinces at the same time, and that therefore they 
do not afford criteria of contemporaneous deposition. Further
more, conditions of sedimentation are related to currents, shores, 
and other moving features; the zones of deposition may migrate 
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with these features, and an identical sediment accumulate in the 
migrating zone successively, not simultaneously, over adjacent 
areas. 

After the days of William Smith a second class of divisions 
arose-divisions based on the fossils which the rocks contain. 
Fossils were found to occur in certain associations, which were 
called faunas, and these became the basis of a classification of 
rocks. . On the hypothesis of special creations and destructions 
each fauna, wherever occurring, represented a certain date, and 
thus faunas became the significant figures expressing age. But 
special creation has given way to evolution, and we recognize 
migration of faunas as a fact. For instance, Walcott has stated 
that it took a long time for the Olenellus fauna to move round 
the globe. A greater or less time interval must elap!k between 
the earliest appearance of a fauna at one place and its earliest 
appearance at another place remote from the first, hence, a 
fauna does not indicate a precise date in the narrow sense in 
which it was once taken. Professor H. S. Williams has pointed 
out that in a wider sense any fauna endures a length of time. 
from its initial appearance somewhere to its extinction every
where; and this interval is an episode of evolution which has a 
fixed place in geologic history. In that sense faunas have defi
nite time values, but the discovery of that value in any case is 
dependent on refined and extensive paleontologic research. 

Accordingly, when studying a stratigraphic series, a geologist 
may recognize distinctions of lithologic character, variations of 
faunal content, and succession of physical or faunal changes. 
The differences enable him to define lithologic individuals, faunal 
individuals, and time intervals. Though often intimately related. 
sediments and faunas are by no means necessarily bounded by 
the same limits in space or in time; they constitute not identical 
but unlike things. They may migrate together or independently. 
Either may cease and the other continue. When each of them 
has been described and discusssed in its local and general rela
tions, the problem of correlation in terms of earth history may 
be hopefully attacked; but when strata and faunas are treated 
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under one name, confusion ensues and the conclusion becomes a 
guess. 

It follows that we need to recognize, define, and name three 
separate things: (I) lithologic individuals; (2) faunal individ
uals; and (3) time intervals. 

LITHOLOGIC INDIVIDUALS. 

Dejinilion.-Some twelve years ago there was held a confer
ence of the geologists of the United States Geological Survey, 
and at that time the basis for the Geologic Atlas of the United 
States was laid. That foundation was planned upon the simplest 
lines. 1 t was proposed that the maps should exhibit the distri
bution of local lithologIC individuals. 

Referring to the Tenth Annual Report, Part I, in the account 
of that conference we find the following statement (pp. 63-64): 
"Among the clastic rocks there shall be recognized two classes 
of divisions, viz., structural divisions and time divisions." 
Observe that time is set off in contrast to structure, and that 
structure is not defined by time. Then, defining structural units, 
the report says (.p. 64): .. The structural divisions shall be the 
units of cartography, and shall be designated formations. Their 
discrimination shall be based upon the local sequence of rocks, 
lines of separation being drawn at points in the stratigraphic 
column where lithologic characters change." Proceeding to 
emphasize that, the report further says (p. 64): .. Each forma
tion shall contain between its upper and lower limits either rock 
of uniform character or rock uniformly varied in character." By 
the latter phrase it was recognized that there might be groups of 
lithologic individuals which singly could not be mapped because 
too small-a difficulty which had to be met from the practical 
side. Furthermore, the report says: "As each lithologic unit 
is the result of conditions of deposition that were local as well 
as temporary, it is to be assumed that each formation is limited 
in horizontal extent; the formation should be recognized and 
should be cal.led by the same name as far as it can be traced and 
identified by means of its lithologic characters, aided by its 
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"certain combinations of amplitude and frequency" the largest ocean 
waves might produce ripples having a length equal to half the height 
of the wave. The supposed giant ripples observed at Lockport, N. Y., 
reached a length of thirty feet, implying waves sixty feet high in the 
Medina sea. Fairchild explains the same features as spits or rather 
beach ridges, sometimes observed in series of as many as four crests 
with intervening troughs. Of the fifteen halftones with which the 
article is illustrated, about one third are clear enough to show without 
doubt that the features referred to are of the same nature as those dis
cussed and figured in Gilbert's article. Four of the cuts show sand 
ridges on the present shore of Lake Ontario which are supposed to 
exemplify the process by which the features in the Medina were made. 
The remaining cuts and a few expressions in the article leave it in 
doubt as to whether the features observed were all of the type from 
which Gilbert's conclusions were drawn. The latter found no inter
vals of more than thirty feet from crest to crest; the article under dis
cussion refers to similar spacings of eighty feet. Gilbert's discussion 
of the features as ripples implies a symmetry or at least unity in the 
trough by which its breadth could be fairly estimated when only a 
portion could be seen. Fairchild speaks of the trough as only a 
"negative or passive element" which may have any width varying 
with the accidents which determine the location of a new beach ridge. 
The observations of both, and both interpretations, involve abundant 
cross bedding. It would seem that the two processes hypothesized would 
produce different dispositions of this crossbedding, as well as differ
ences in the symmetry of the trough. Gilbert shows by diagram the 
necessary arrangement of the crossbedding under various suppositions 
as to the shifting of the ripple system during deposition. It is quite 
improbable that the patterns in vertical cross section thus produced 
would be duplicated in a series of beach ridges. In the latter case the 
lamination on the landward side of an outer ridge should be plainly 
distinguishable from the lamination on the lakeward slope of the next 
ridge within. The lamination corresponding to this latter slope should 
disappear only in the most extreme cases of landward migration of 
the ridge, a condition quite improbable where a series of ridges is pro
duced. Fairchild's objection that ripple marks are not found of 
intermediate sizes between eight inches and the" giants" is certainly 
of interest. 

,N. M. F. 
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The Beaufort's Dyke, ojJ tIu Coast oftlu Mull of Galloway. By H 
G. KINAHAN. Proceedings of the Royal Irish Academy, 
Third Series, Vol. VI, No. I. 

In the Proceedings of the Royal Irish Academy, Third Series, 
Vol. VI, No. I, Mr. H. G. Kinahan, District Surveyor (Retired), H. M. 
Geological Survey, describes "The Beaufort's Dyke, off the Coast of 
the Mull of Galloway." This "dyke" is a deep trough in the bed of 
the Irish Sea nearer the coast of Scotland. The plate accompanying 
the article reproduced from the Admiralty charts, shows a long line of 
soundings of 100 to 148 fathoms, surrounded by a comparatively level 
bottom 70 or 80 fathoms deep. Attention is just now directed to 
these depths by the proposition to construct a tunnel from Scotland to 
Ireland. The geological interest lies in the fact that in this trough 
"there are sands, gravels and their adjuncts, at depths of from 120 to 
144 fathoms that are carried backward and forward similarly to those 
on an ordinary sea beach." This is much deeper than the waves and 
currents even on most exposed coasts have been supposed to act. The 
vigor with which this deep washing occurs may be inferred from figures 
given in a table, which show that at one point the bottom was cut 
down by erosion from a depth of 1[7 fathoms to a depth of 146 fathoms 
from 1894 to 1897 or nearly 60 feet a year. At other times filling was 
similarly rapid. The origin of the dyke or trough itself is left in doubt 
but faulting and glacial action are suggested. The origin of currents 
capable of acting at that depth is the main subject of interest. It is 
assumed that while the effect of wind waves and tide waves is reduced 
to zero at moderate depths there are deep currents induced by these 
superficial waves, to the depth of whose action no definite limit is 
assigned. The author contrasts these currents with the ordinary tidal 
races which may be supposed to erode shallow places more than deep 
ones. He refers to his former publications for detailed proof that 
denudation by these currents in question" is in ratio to the depth of 
the water." The whole article goes to show that when the movements 
of water are controlled by channels or reflected from irregular shores, 
the coarseness of the sediments at given depths bears little relation to 
the mathematically computed power of the water for those depths. 

N. M. F. 
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Permo·Carboniferous fauna. This alternation of strata of different lithologic 
character can be subdivided in great detail when the exigencies of mapping 
require it. The important lines limitinf{ the Rico formation above and below 
cannot be drawn upon lithologic grounds. If lithologic character alone is 
relied upon for the subdivision of this great complex. embracing strata 
belonging partly to the Paleozoic and partly to the Mesozoic. the formation 
units would be of relatively minor importance. and the great historical sub
divisions would not be expressed. The criterion of color applied to this 
complex groups the Permo·CarbQniferous with the Trias. This has been 
done in previous general discussions of this complex in this region. In fact. 
the Permo-Carboniferous beds should be grouped with the Carboniferous if 
the larger elements of time division are to rt.ceive recognition upon the gw
logic map of the Rico quadrangle. (Italics the present writer's.) 

There are two questions involved: First. what Mr. Cross's 
map expresses; second. what it should express. The Hermosa. 
Rico. and Dolores are clearly not formations in the sense defined 
in the Tenth Annual Report. for lithologic continuity is divided 
at the top and bottom of the Rico on the basis of contained 
fossils. They are intended to be faunal divisions. but their 
limits are very ill defined. since fossils "are commonly so few in 
the Red Beds that the finding of them higher or lower in the 
series is a matter of accidental discovery rather than of occur
rence. The map appears, then, to express indefinitely the 
arbitrary application of a time scale (Paleozoic, Mesozoic or 
Carboniferous, Permo-Carboniferous. Triassic) to a series which 
is capable of division into lithologic individuals. Were it so 
divided it would yield a record of physical conditions, a record 
which is now obscured by this classification. 

It is an important fact that conditions of erosion and deposi
tion were continuously favorable to the accumulation of red 
sediments while biologic migration or evolution modified the 
organisms present from Paleozoic to Mesozoic types. But in 
discussing the formations their continuity is the essential, just 
as in describing the faunas their discontinuity would be. To 
impose the division of the latter upon the lithologic individual 
is misleading, and to cali the faunal units "formations" in a 
publication for which that term has been accurately defined is a 
misuse of the word. 
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A very similar case is that of the Shenandoah limestone, 
which carries Cambrian fossils in its lower portion and Calcifer
ous fossils near the top. But, though it thus corresponds to 
parts of two great periods, as we usually cla~sify geologic time, 
it is mapped as one formation because it is a lithologic unit. 

Formation names. - "The formation should be recognized and 
should be called by the same name as far as it can be traced 
and identified by means of its lithologic characters, aided by 
its stratigraphic association and contained fossils." Following 
this rule (Tenth Annual Report, Part I, p. 64), various cases may 
arise, some of which are illustrated in the accompanying dia
grams. 

Figure I shows the m shale passing into a limestone which 
retains identical stratigraphic associations. Being exactly con
tinuous stratigraphic units, they should retain the same geo
graphic name on grounds of convenience and simplicity. 

Figure 2 shows the m shale grading into a limestone with 
prolonged overlap, so that the two rocks must be discriminated 
in one area. Not only are they lithologically different but they 
have different stratigraphic associations, and they should receive 
distinct geographic names: m shale and 11 limestone. 

Figure 3 shows the In shale continuing as an individual with 
reduced thickness into new stratigraphic associations. Individu
ality is not dependent on thickness nor on stratigraphic associa
tion only; it is determined by continuity, and the formation may 
retain its name, m shale. But the group pms cannot then be 
called the m group, because m would have two meanings, one 
for a simple part, and one for a complex whole. 

Figure 4 shows the m shale replaced by five formations, two 
of which, Band n, are shales like it. Individuality is here lost 
in multiplicity. Neither B nor n can be distinguished as repre
senting m, which must, accordinly, give way where they divide 
into two. The complex ABCnE may be called the m group, 
since it has equivalent stratigraphic associations with m. 

Figures 5 and 6 illustrate the occurrence and naming of local 
lenses in a formation where such divisions are not of sufficient 
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extent to justify a distinct series of names for the lens and the 
parts of the formation above and be~ow it. One lens may receive 
the formation name, but two or more must be named distinctly. 

Figure 7 presents the case of a formation which is a least 
practicable lithologic individual for mapping, but which includes 
fractional parts that are important in discussion. The fractional 
character of the parts may be indicated by calling them mem
bers, each member being given a distinctive geographic name. 

Lithologic individual and thickness.- Thickness is not an essen
tial character of a lithologic individual. Layers, strata, beds, 
and their complexes vary so generally in this respect that indi
viduality based upon constancy thereof must be lost in a 
short distance. And if thickness be not constant for anyone 
individual, still less can volume be considered an element of the 
definition of formations in general. Lithologic individuality 
knows no such limits. Continuity of rock character is the 
essential core of the definition, and this may extend through a 
hundred or a thousand feet or more or less. 

The writer has avoided the use of the phrase "lithologic 
unit," because discussion developed the fact that, in the minds 
of some, unit means a definite quantity, and these persons think 
that a thick formation should be a group or series, because of its 
magnitude. Not volume, but uniformity of constitution, defines 
a lithologic individual or " formation." 

L£tlzologic individual and time.-Thickness of strata, at right 
angles to bedding, is considered a measure of the epoch of 
deposition, due account being taken of theestimated rate. Thus 
for that particular place the lithologic unit is significant of defi
nite lapse of time. It bears, however, no mark of date. If we 
trace the formation a hundred or a thousand miles, and again 
measure its thickness, another determination of an epoch is 
obtained, again without date. Are the epochs identical? The 
common assumption is that they are, and one reads of the epoch 
of the Dakota formation without reference to locality. Thus 
used, the phrase should mean all the time during which the 
Dakota sandstone was spread from its eastern to its western 
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limit. Since that transgression took a long time, the eastern 
Dakota sandstone i.s older than the western; and as the advanc
ing zone of sand accumulation, following the shore, was in turn 
followed by a zone of shale deposit, the eastern sands were being 
buried under Benton shale while the western sands gathered. 
When the transgression ceased and Niobrara chalk was laid 
down, the conditions were more nearly uniform throughout the 
sea. Niobrara then probably marks approximately one and the 
same epoch throughout its extent. Benton may do so in less 
exact degree; and Dakota corresponds at an eastern point to 
the beginning, at a western to the closing, of the cycle of 
deposits. 

It is convenient to conceive the time scale as marked by 
horizontal lines. On such a scale the Dakota formation would 
be represented by a diagonal line, and the Niobrara by a nearly 
horizontal line. 

The writer does not put these ideas forward as new; but in 
<ieflning a formation it is important to clear away certain mis
leading conceptions that appear in the literature and in discus
sion of the points at issue. Only at a particular place does a 
formation belong to a definite age: when traced to another 
locality it may be older or younger. 

FAUNAL UNITS. 

Classification by faunas.- The term faunal unit or individual 
is here used as a parallel to lithologic individual, to designate a 
set of strata characterized by a common fauna. The writer does 
not undertake to say whether a fauna should be defined by 
varieties, species, or genera; by recognition of one or many 
associated organisms. It may be granted that a fauna is some
thing which each working pal~ontologist will define for himself 
within certain broad limits, just as lithologic character is some
thing which each stratigrapher defines for himself within certain 
limits. But classification of strata by faunas is a different thing 
from classification by formations. 

Professor Williams, in 1897, published a paper on dual 
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nomenclature, in which he clearly stated the distinction which 
the present writer would now emphasize between a lithologic 
individual and a faunal unit. 

Following the language in which a formation is defined 'in 
the Tenth Annual Report, a faunal unit may be defined as fol
lows: 

LITHOLOGIC INDIVIDUAL. 

.. The structural divisions shall be 
units of cartography, and shall be 
designated formations. Their dis
erimination shall be based upon the 
local sequence of rocks, lines of 
separation being drawn at those 
points in the stratigraphic column 
where lithologic characters change." 

FAUNAL UNIT. 

The faunal units shall be units of 
correlation, and shall be designated 
stages.' Their discrimination shall 
be based upon their fossil content, 
lines of separation being determined 
at those points in the stratigraphic 
column where faunas change. 

Pursuing the description of a faunal unit, or stage, we may 
say further: As a faunal unit is characterized by the life which 
it contains, and as organisms are migratory, it is not to be 
assumed that a stage is limited horizontally. It may be recog
nized in diverse provinces or continents, and therefore the name 
which a faunal unit receives should not be a local name, but 
should be applied wherever that unit is recognized. 

Distinctions between formation and stage.- A formation is a set 
of strata characterized by and limited to uniform constitution. 
A stage is a set of strata containing and limited to a ·certain 
fauna. 

Lithologic constitution results from conditions which are 
local and temporary, and which, though migratory, are rarely 
more than provincial in extent. A fauna, though evolved in 
adaptation to local conditions, may be capable of world-wide 
migration. A formation, therefore, is geographically limited; a 
fauna is not, necessarily. 

Physical conditions which determine rock constitution are 
recurrent and repeat the deposition of similar sediments. But 
organisms, once extinct, do not reappear. Accordingly, a 

• The term stagf! is here used' provisionally, to afford a word for the purposes of 
this discussion only. 
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formation may belong to any geologic' age; a fauna belongs 
only to that age in which it was evolved and died out. 

A principal object in studying formations is to read the 
physical. history of the earth, but the principal object of investi
gating fossils is to get at the life history. Each is an essential 
aid to the other, and the time relations of fossils are funda
mental. But the two lines of inquiry should not be confused. 
They are confused when we call a stage' a formation, or vIce 

versa, or place the limitations of the one upon the other. 

STEPS IN GEOLOGIC SCIENCE. 

The question with which this article opens may now be given 
a fuller answer. The first step in the geologic study of any 
locality is to ascertain the relations of the rock masses, and 
those relations are most happily expressed in a map which 
exhibits the distribution of formations. This map illustrates 
local facts. It can be complete in itself, even though no con
nection is established between the facts of that particular 
district and those of the world at large, but if it be a correct 
map it will fit into the general record when the connections are 
traced. 

The second step in geologic investigation is the detailed 
study of faunas and their distribution in stages. To this second 
step the first is an essential, as a good topographic map is to 
both. Through close analysis of the faunas and comparative 
study of their distribution, the data may be gathered for a map 
of the stages represented in the district. This map of stages 
may in some cases resemble closely that of the formations, but 
in others there will be marked differences. 

With the development of maps showing the distribution of 
stages we may arrive at correlation of events, and thus be able 
to compare physical conditions the world over, fitting into its 
place with some degree of exactness the record of the forma
tions for any locality. Thus correlation is the third step, a step 
which may be facilitated through other lines of research, but 
which is fundamental in broad studies of the earth's history . 
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THE DISCRIMINATION OF TIME-VALUES IN 
GEOLOGY. 

THE imperfection of the present systems of classification and 
correlation of sedimentary rocks concerns more directly the 
interpretation of the facts than the facts themselves. 

The work of the geologists of the United States in mapping 
and recording the stratigraphic sequence of formations was never 
more exact and comprehensive. The paleontologist was never 
more particular in his records of the faunal contents of each 
formation and fossiliferous zone, and his comparisons were never 
more full and precise. But the extension of knowledge over 
vast territory has brought to light hundreds and thousands of 
outcrops of the same formations, showing a diversity of faunal 
composition which cannot be translated entirely into difference 
in geologic age. 

So long as surveys were confined to local areas separated by 
spaces across which the continuity of formations could not be 
traced, it was practica?le to use a system of nomenclature and 
classification in which lithologic formations and their strati
graphic succession were chiefly considered. When, however, 
the intervals between local areas were filled up and it was neces
sary to correlate geological sections in which the formational 
divisions are in part or wholly dissimilar, the duality of the 
lithologic and biologic facts become apparent. These two 
sets of facts are entirely different in nature and in origin, and 
for their scientific discrimigation duality of nomenclature is 
essential. 

The confusion of these two kinds of evidence was natural, 
and has been perpetuated by the common practice of adopting 
the lithologic formation as the unit of classification, making the 
time divisions to apply strictly to the formations instead of to 
the faunas and floras, by which alone the chronologic epochs in 
which they were formed can be discriminated. This confusion 
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it seen in the discussion of classification and nomenclature in the 
Tenth Annual Report of the United States Geological Survey, and 
in the legends of the folio maps. For instance, take the Sewanee 
Folio, Tennessee: The legend is as follows, viz.: 

Walden sandstone - 1 
Lookout sandstone - ~ ~ Carboniferous. 
Bangor limestone - - J 
Fort Payne chert - -

Chattanooga black shale }- Devonian. 

Rockwood formation -} 
Chickamauga limestone Silurian. 
Knox dolomite - - -

According to the rules in the Tenth Annual Report, the first 
series of names are II structural divisions . . . . units of cartog
raphy, and shall be designated formations" (p. 64). 

The second series of names are II time divistons defined 
primarily by paleontology and secondarily by structure, and 
they shall be called periods" (p. 65). 

Although everybody understands what is meant by the classi
fication in the legend, the principle described in the rules is 
wrong in that the legend on the map refers to a classification of 
rocks: and the real fact in the case is that in the Sewanee quad
rangle the Walden, Lookout, Bangor and Fort Payne formations 
together constitute the Carboniferous system, and the map makes 
no record of periods of time but only of formations of rocks. 
The Devonian system of that quadrangle consists of the one 
Chattanooga formation; and the Rockwood, Chickamauga, and 
Knox formations are the only representatives of the Silurian 
system recognized on the sheet. 

The European nomenclature avoids this confusion by recog
nizing a set of stratigraphic names and their categories; with a 
corresponding set of categories for the chronologie classifica
tion-the names of the divisions being the same in both the 
stratigraphic and chronologie scales. Instead of referring all 
stratigraphic divisions to one category (the formation). different 
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categories are used for formations of different relative size; mak
ing the list of names to be group, system, series, stage, as adopted 
by the international Congress. Each of these stratigraphic divi
sions has its corresponding chronologic category, viz., era, 
period, epoch, age. The European has no difficulty in express
ing on the map, or in discussing, either the time or the structural 
relations of the formation. On the map, the Walden, Lookout, 
Bangor, and Fort Payne would be to him four series, together 
constituting the Carboniferous system. By placing the Chat
tanooga in the category of series he at once would indicate that 
he does not regard the formation as necessarily representing the 
whole Devonian system. On the other hand, when he speaks of 
the Carboniferous period he is not discussing any local set of 
formations but the total period of time in which lived a definite 
set of plants and animals, only a few of which are discovered in 
anyone local formation. There can be no question that the 
systems of the European geology can be recognized in this 
country only by the fossils- but that does not change them from 
formational aggregates into time divisions. 

The implication in the Tenth Annual Report that the divisions 
which are discriminated by fossils must be chronologic, and not 
structural, suggests the way in which our usage may be improved; 
but the fallacy of the principle is seen by noticing that the 
smaller formations (the series and etages of the international 
nomenclature), are to be discriminated by their fossil contents 
as well as the larger ones (the systems). If discrimination 
.. primarily by fossils" were to be the test as to whether the 
division were structural or chronologic then formations would 
become chronologic divisions in every newly surveyed area in 
which actual lithologic continuity could not be traced to some 
standard outcrop. 

These two sets of facts (structural and paleontological) both 
have tc. do with the classification of formations on a time basis; 
and those who are accustomed to frame their conceptions of 
geological time on the basis of one set of facts, find difficulty in 
even conceiving that there is any other basis. 
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TIME VALUES OF FORMATIONS. 

The regular sequence of stratified sediments forms a natural 
geological column, which, in any particular section of the earth's 
crust, is so conspicuously subdivided by lithologic differences in 
kind of sediments that the divisions form the most satisfactory 
kind of natural time division for geological classification. 

These natural, lithologic divisions of the crust of the earth 
are technically called formations in the nomenclature of the 
United States Geological Survey. And in any standard section, 
such as that of New York state, the order, composition and thick
ness of the several formations is exactly known; and for that 
section, too, the fossils of each separate formation are known 
accurately and in large numbers. Geologists have been accus
tomed to use such a local column of known geological formations 
as a standard time scale; and as examination has extended to 
sections of the crust in other parts of the continent, the classifi
cation and correlation of the other columns have been made to 
correspond, by correlation, with such a standard column of 
formations. Two methods have been used in establishing the 
correlation: (I) by tracing continuity in the lithologic forma
tion; and (2) by recognition of identity of the fossil species con
tained in the formations. Both of these methods have rested 
on an assumed interpretation of the facts, the correctness of 
which may be questioned quite independently of the established 
fact of continuity or of identity. 

The assumptions on which these interpretations rest are that 
correlations of time relations can be established in the first case 
by continuity of litltologic formation, and in the second case by 
identity of fossils. In regard to the first case, it would be incor
rect to say that the assumption is entirely false, for in some 
cases, and to a limited extent, lithologic continuity of a forma
tion is undoubtedly synonymous with sameness of the period of 
the sedimentation represented by the formation. But the fac,ts 
are abundant, and well known to all field geologists, to prove 
that formational continuity is not co-ordinate with lithologic 
uniformity; and since our standard definition of a formation 
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{ Tenth Annual Report, United States Geological Survey) is based 
upon its lithologic uniformity, it is certain that in all cases in 
which the lithologic changes affect the upper or lower limits of 
a formation (which is expressed by thinning or thickening of 
the formation) there must be discordance between the forma
tional continuity and the time represented by it. It requires but 
a moment's reflection, further, to show that two sections in dif
ferent regions may, on other evidence, be known to represent 
the same interval of time but present no similarity lithologically; 
this can receive only the one interpretation that formational dis
continuity does represent time uniformity, which is the converse 
of the original assumption. 

In other words, while it is practicable in some cases to 
assume that formations which are clearly continuous may be 
deposited during the same period of time, it is clear that litho
logic uniformity (by which the continuity of the formation is 
recognized) is not a safe guide in making chronologic correla
tions, however much value may be placed upon the lithologic 
divisions of a standard geologic section, as natural divisions of 
a geologic column made on a time basis .. The tracing of time 
equivalences by formational continuity is unsatisfactory, not 
because of any failure on the part of a formation, as a litho
logic unit, to represent a definite period of geologic time, but 
because the time relations of the formation are not expressed 
by any of the lithologic characters by which one formation is 
distin~uished from another. The confusion the geologist is apt 
to fall into in discussing this point may be illustrated by the 
measurement of the altitude of a rock outcropping on a moun
tain side. The base of the Olean conglomerate, for instance, as 
it appears at Olean Rock City may represent exactly the alti
tude of 2,340 feet above the level of the sea (McKean County 
Report, Second Pennsylvania Geological Survey, R. 59), but its 
altitude above the sea has no relationship whatever to any of 
its lithological peculiarities. In forming an altitude scale, it 
is in the region a conspicuous mark for the altitude at whiCh 
it lies, and if its dip be considered, the continuity of the 
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conglomerate may be relied upon for estimates of approximate 
altitude. Nevertheless, in itself the formation possesses no 
altitude value, it is only a conspicuous stratum in the region 
where it appears, that now lies at a definite elevation above the 
sea-the amount of the elevation must be determined by other 
means. It may indicate an altitude already determined, but it 
has no intrinsic altitude value, and is not a measure of altitude. 

In similar manner we may say that the geologic formation, 
as a lithologic unit, was formed at some definite epoch of geo
logic time which may be approximately measured by other 
means; but the amount of time from any datum point to the 
time when it was formed is not in any degree indicated by the 
lithologic or strl.1ctural characters of the formations; and in this 
sense a formation may be strictly said to possess no intrinsic 
time value, but to require the" paleontologic evidence" to prove 
to what .. period" of time it belongs. This conclusion might 
almost be drawn from the statements regal ding periods in the 
Ten/It Annual Report (p. 65). 

It is, however, not necessary to remind geologists that fossils 
possess a value as means of determining the time relations of 
formations. But this time value of fossils will be better appre
ciated if attention be given to the nature of the evidence furn
nished by fossils regarding the period of time in which they 
lived. 

TIME VALUE OF FOSSILS. 

Fossils derive their time-value from tke fact tkat the morphologic 
characters presented by them are temporary in nature. The form of 
a trilobite, expressed in its various morphologic characters, was 
constructed by organisms at a definite period of time in the 
history of the earth; so that the presence of a fossil trilobite 
imbedded in a rock formation is direct evidence of the geologic 
age in which alone the trilobite lived. Hence it is that for the 
whole surface of the earth fossils become marks of the time 
divisions and the means of correlating formations on a time
basis; this is the second method of correlation referred to above. 
Identity of fossils is direct evidence of sameness of time. But 
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extent to justify a distinct series of names for the lens and the 
parts of the formation above and below it. One lens may receive 
the formation name, but two or more must be named distinctly. 

Figure 7 presents the case of a formation which is a least 
practicable lithologic individual for mapping, but which includes 
fractional parts that are important in discussion. The fractional 
character of the parts may be indicated by calling them mem
bers, each member being given a distinctive geographic name. 

Lithologic i1ldividual and tltickness.- Thickness is not an essen
tial character of a lithologic individual. Layers, strata, beds, 
and their complexes vary so generally in this respect that indi
viduality based upon constancy thereof must be lost in a 
short distance. And if thickness be not constant for anyone 
individual, still less can volume be considered an element of the 
definition of formations in general. Lithologic individuality 
knows no such limits. Continuity of rock character is the 
essential core of the definition, and this may extend through a 
hundred or a thousand feet or more or less. 

The writer has avoided the use of the phrase "lithologic 
unit," because discussion developed the fact that, in the minds 
of some, unit means a definite quantity, and these persons think 
that a thick formation should be a group or series, because of its 
magnitude. Not volume, but uniformity of constitution, defines 
a lithologic individual or II formation." 

Lithologic individual and time.-Thickness of strata, at right 
angles to bedding, is considered a measure of the epoch of 
deposition, due account being taken of theestimated rate. Thus 
for that particular place the lithologic unit is significant of defi
nite lapse of time. It bears, however, no mark of date. If we 
trace the formation a hundred or a thousand miles, and again 
measure its thickness, another determination of an epoch is 
obtained, again without date. Are the epochs identical? The 
common assumption is that they are, and one reads of the epoch 
of the Dakota formation without reference to locality. Thus 
used, the phrase should mean all the time during which the 
Dakota sandstone was spread from its eastern to its western 
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limit. Since that transgression took a long time, the eastern 
Dakota sandstone is older than the western; and as the advanc
ing zone of sand accumulation, following the shore, was in turn 
followed by a zone of shale deposit, the eastern sands were being 
buried under Benton shale while the western sands gathered. 
When the transgression ceased and Niobrara chalk was laid 
down, the conditions were more nearly uniform throughout the 
sea. Niobrara then probably marks approximately one and the 
same epoch throughout its extent. Benton may do so in less 
exact degree; and Dakota corresponds at an eastern point to 
the beginning, at a western to the closing, of the cycle of 
deposits. 

It is convenient to conceive the time scale as marked by 
horizontal lines. On such a scale the Dakota formation would 
be represented by a diagonal line. and the Niobrara by a nearly 
horizontal line. 

The writer does not put these ideas forward as new; but in 
defining a formation it is important to clear away certain mis
leading conceptions that appear in the literature and in discus
sion of the points at issue. Only at a particular place does a 
formation belong to a definite age: when traced to another 
locality it may be older or younger. 

FAUNAL UNITS. 

Classification by faunas.- The term faunal unit or individual 
is here used as a parallel to lithologic individual. to designate a 
set of strata characterized by a common fauna. The writer does 
not undertake to say whether a fauna should be defined by 
varieties. species, or genera; by recognition of one or many 
associated organisms. It may be granted that a fauna is some
thing which each working pal~ontologist will define for himself 
within certain broad limits, just as lithologic character is some
thing which each stratigrapher defines for himself within certain 
limits. But classification of strata by faunas is a different thing 
from classification by formations. 

Professor Williams, in 1897. published a paper on dual 

Digitized by Google 



STRATIGRAPHIC CLASSIFICATION 

nomenclature, in which he clearly stated the distinction which 
the present writer would now emphasize between a lithologic 
individual and a faunal unit. 

Following the language in which a formation is defined ·in 
the Tentk Annual Report, a faunal unit may be defined as fol
lows: 

LITHOLOGIC INDIVIDUAL. 

.. The structural divisions shaH be 
units of cartography, and shaH be 
designated formations. Their dis
crimination shaH be based upon the 
local sequence of rocks, lines of 
separation being drawn at those 
points in the stratigraphic column 
where lithologic chara.cters change." 

FAUNAL UNIT. 

The faunal units shaH be units of 
correlation, and shaH be designated 
stages.' Their discrimination shaH 
be based upon their fossil content, 
lines of separation being determined 
at those points in the stratigraphic 
column where faunas change. 

Pursuing the description of a faunal unit, or stage, we may 
say further: As a faunal unit is characterized by the life which 
it contains, and as organisms are migratory, it is not to be 
assumed that a stage is limited horizontally. It may be recog
nized in diverse provinces or continents, and therefore the name 
which a faunal unit receives should not be a local name, but 
should be applied wherever that unit is recognized. 

Distinctions between formation and stage.- A formation is a set 
of strata characterized by and limited to uniform constitution. 
A stage is a set of strata containing and limited to a ·certain 
fauna. 

Lithologic constitution results from conditions which are 
local and temporary, and which, though migratory, are rarely 
more than provincial in extent. A fauna, though evolved in 
adaptation to local conditions, may be capable of world-wide 
migration. A formation, therefore, is geographically limited; a 
fauna is not, necessarily. 

Physical conditions which determine rock constitution are 
recurrent and repeat the deposition of similar sediments. But 
organisms, once extinct, do not reappear. Accordingly, a 

'The term s/ag~ is here used" provisionally, to afford a word for the purposes of 
this discussion only. 
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formation may belong to any geologic' age; a fauna belongs 
only to that age in which it was evolved and died out. 

A principal object in studying formations is to read the 
physical. history of the earth, but the principal object of investi
gating fossils is to get at the life history. Each is an essential 
aid to the other, and the time relations of fossils are funda
mental. But the two lines of inquiry should not be confused. 
They are confused when we call a stage· a formation, or vtce 
versa, or place the limitations of the one upon the other. 

STEPS IN GEOLOGIC SCIENCE. 

The question with which this article opens may now be given 
a fuller answer. The first step in the geologic study of any 
locality is to ascertain the relations of the rock masses, and 
those relations are most happily expressed in a map which 
exhibits the distribution of formations. This map illustrates 
local facts. It can be complete in itself, even though no con
nection is established between the facts of ·that particular 
district and those of the world at large, but if it be a correct 
map it will fit into the general record when the connections are 
traced. 

The second step in geologic investigation is the detailed 
study of faunas and their distribution in stages. To this second 
step the first is an essential, as a good topographic map is to 
both. Through close analysis of the faunas and comparative 
study of their distribution, the data may be gathered for a map 
of the stages represented in the district. This map of stages 
may in some cases resemble closely that of the formations, but 
in others there will be marked differences. 

With the development of maps showing the distribution of 
stages we may arrive at correlation of events, and thus be able 
to compare physical conditions the world over, fitting into its 
place with some degree of exactness the record of the forma
tions for any locality. Thus correlation is the third step, a step 
which may be facilitated through other lines of research, but 
which is fundamental in broad studies of the earth's history . 
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With a better knowledge of the physical geography of the 
globe at successive epochs we may more hopefully attack the 
great problems of mountain growth, continental development, 
and earth dynamics. But our first work is to map the lithologic 
individuals, while our associates, the paleontologists, distinguish 
the faunal units of stratigraphy. 

BAILEY WILLIS. 
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N ew York was in large measure synchronous with the sedimen
tation of gray rocks with abundant marine fossils, including 
Spinftr disjunctus, in western New York and Pennsylvania. 

I f the endurance of the Spinier disjunctus fauna be made the 
mark of the Spinftr disjunctus biochron, it becomes quite possible 
to state and discuss the facts as they are, a~d to understand the 
natural explanation of the facts as a gradual transgression of 
the shore from which the red sediment~ were deposited west
ward with the progress of time. The geochron of red beds 
began earlier in the scale of biochrons, and as we expand the 
idea we will discover that it is also earlier in actual geological 
time, and that the biochron is the measure upon which we must 
depend in constructing the standard geological time· scale. 

THE CONSTRUCTION OF A BIONIC TIME SCALE. 

The next question arises, how shall this time-scale be con
structed? First, it must be constructed, primarily, on the basis 
of the bionic values of the fossils. Secondly, the names of the 
time divisions must be distinct from those used in designating 
the formational divisions of the rocks. Thirdl y, biological names 
should be chosen for the divisions, and so far as practicable, 
some abundant or characteristic fossil should furnish the name; 
as in naming formations the locality in which the formation 
appears in fuil force and with full characteristics is used. 
Fourthly, it cannot be expected that the divisions of an accu
rate time-scale, based upon many different sources of measure
ment of the time intervals, will present a continuous series 
without breaks and without overlapping of the divisions. If a 
single means of measuring the lapse of time were used, such 
breaks and lapping might be avoided; only in case the begin
ning of one species or fauna was everywhere dependent upon 
the cessation of the preceding one, could the scale be made 
without liability of failure to meet at the limits of the time 
intervals indicate~. Fifthly, the classification and definition of 
geological formations should be made, so far as practicable, 
independent of the fossils or the time relations indicated by 
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them; and the fossils should be used (as now their use is scien
tifically most valual?le) in establishing correlations, not in fur
nishing definitions. Sixthly, the selection of the grander time 
divisions should be made to conform, so far as found practicable, 
with the standard divisions of the formation scale; but their 
discrimination should be based strictly upon fossil evidence and 
not upon the lithologic or stratigraphic characters of formations. 
Seventhly, in forming the time-scale the continuance of the 
fauna in its integrity, as marked by the dominance of its 
characteristic species, will constitute a more satisfactory basis 
of discrimination than the species alone. Slight differences in 
the aggregate of species found in the successive strata of rocks 
is quite consistent with the continuance of the fauna in its integ
rity, and to distinguish the fau1Ul as a whole from its local and 
temporary expression the latter may appro.priately be called a 
faunule. 

In constructing a time-scale on the basis of the bionic values 
of fossils, it is practicable to give to the categories now in use 
greater precision and scientific definition. If geologists chose 
to adopt the following terms in the restricted sense designated, 
such a set of terms would prove of great value. 

TERMS OF THE BIONIC TIME SCALE. 

Ckroll.-An indefinite division of geo16gical time. 
Geockron.-The time equivalent of a formation. 
Biockron.-The time equivalent of a fauna or flora. 
Hmura.-The technical name for a monobiochron, indicated by the 

preservation of the individual characteristics of all the species of a local 
faunule, as shown by the association in the rocks of the same species, in the 
same relative abundance, size, and vigor. An example is the hemera of 
RkYllckolle/la (HyfJolhyris) cuboides. 

Epoch.-The name of a dibiochron, indicating the time equivalent of the 
endurance of a particular species and of the integrity of the fauna of which it 
is the dominant characteristic. An example is the Tropidoleptus carillatus 
epoch, which corresponds closely to the limits of the Hamilton formation Of 
eastern New York. 

Period.- May be defined as a tribiochron. This is the time equivalent of 
the continuance of a gellus. An example is the Paradoxides penod, which 
corresponds to the Acadian formation of the Cambrian system. 
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Era.- May be used to indicate a tetrabiochron; and Olmide era would 
indicate the life range of the famiiy Olmidae, corresponding in length, 
approximately, to the geochron of the Cambrian system, though not 
strictly so. 

Eon.-May stand as the name for a pentabiochron; an example of which 
is the Trilobite eon, the time equivalent of the continuance of the order, or 
sub-class, Trilobita, which closely approximates the length of the Paleozoic 
geochron. 

CLASSIFICATION AND NOMENCLATURE OF THE TRILOBITE EON 

(PALEOZOIC) CONSTRUCTED ON THE BASIS OF THE BIONIC 

VALUES OF FOSSILS. 

Eon Periods 

Trilobiteon 

7. Phillipsian 

6. Phacopsian 

5. Calymenean 

4. Asaphian 
3. Olenian 
2. Paradoxidean 
I. Olenellian 

Epochs Formational Equivalents 
(Approximate) 

(Cameratus - - Coal measures. I Increbescens - Kaskaskia, St. Louis. 
Logani - - Keokuk, Burlington. 
Marionensis - Kinderhook. 

j ~i~~~:~:~:s ~ - ~::~:~ .. 
Acuminatus - - Comiferous. 
Arenosus - - Oriskany. 
Macropleurus Lower Helderberg. 

{ Vanuxemi -
Radiatus 

- Waterlime, etc. 
Niagara, etc. 
Ordovician. 

} Cambrian. 

Applying the principles set forth in this paper, a tentative 
table may be constructed which will express concretely what is 
meant by a biochronic classification and nomenclature. In this 
table the attempt is made to find names of genera of Trilobites 
for the periods of that eon in which Trilobites constitute a 
characteristic feature. The genera chosen actually do lap over 
each other in several places, but it is doubtful if any genera 
could be chosen which, if they did not lap over in their chrono
logic range, would leave actual gaps not represented in any divi
sion of the scale. The genus Spinier is selected in the upper 
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divisions of the scale, as furnishing a convenient set of diag
nostic species; they, too, do not in every case avoid lapping, a 
difficulty which it has already been said is unavoidable when the 
means of measurement are multiple and not mutually exclusive. 
The foregoing table IS offered, then, as a means of illustrating 
the proposed plan. 

HENRY SHALER WILLIAMS. 
NEW HAVEN, CONN. 
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VARIATIONS OF TEXTURE IN CERTAIN TERTIARY 
IGNEOUS ROCKS OF THE GREAT BASIN.' 

INTRODUCTION. 

DURING the field work of the writer in the Great Basin, in 
1899, he found in a number of localities, chiefly near the edge 
of the Sierras, cases of what seemed at first extraordinary transi
tions or intimate alternations of texture in the Tertiary igneous 
rocks, which are for the most part extrusive. Microscopic and 
comparative examination in the office corroborated the field 
conclusions and showed also that the transitions were not as 
abrupt as they seemed at first, but were more gradual; and the 
study of the conditions of crystallization which may be inferred 
from the structure of the different varieties shows that similar 
conditions must exist in many other places and similar transi
tions may be looked for. It is true that there are in that por
tion of the Great Basin especiail y under consideration (namely" 
the district lying within fifty miles of Carson) exceptionally 
favorable circumstances for the exposure of both the surface 
portions and the originally deeply buried portions of lavas. 
The region is an arid one, and therefore the general erosion is 
slight; nevertheless, waters derived from the moister Sierras 
reach out into this region in the form of streams, and have 
accomplished much special or basal' erosion. There are also a 
number of lakes, which in former times were much more exten
sive, and probably existed in one stage or another since early 
Tertiary times; and the basal erosion of these lakes has proba 
bly been considerable. 

Some of the special localities where the observations were 
made will now be described in detail. 

, Published by permission of the director of the United Stales Geological Survey . 

• 1. t., Erosion which works at the base of topographic features, undercutting 
them. 
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ANDESITIC ROCKS. 

MASON'S BUTTE. 

Field description.-Mason's Butte lies close to Walker River, 
in Mason Valley, about four miles due south from Wabuska. It 
is thus situated midway between the northern end of the Walker 
River range and the northern end of the Smith Valley and 
Pinenut ranges. The rocks of the butte are related to those of 
all these ranges, as will be shown later. The butte itself is 
about a mile and a half long in a northeasterly direction, and 
about half a mile wide. It presents from a little distance the. 
appearance of typical volcanic rock, being distinctly thinly 
bedded, with red and gray zones. On the western face of the 
butte is a scarp two or three hundred feet high, and from here 
easterly there are a series of saw teeth, ·caused by the unequal 
erosion of the bands of which it is composed; then the butte 
sinks gradually into the plain again. The bands of igneous 
rock dip easterly 15 0 at the western end of the butte, and the 
dip increases to the east, so that on the eastern end they dip 
300. Here they are locally reversed and dip west, probably 
from movement subsequent to the eruption, which movement is 
also evidenced by shearing. The beds strike parallel with the 
longest extension of the butte (see Fig. I). 

FIG. I.-Cross section of Mason Butte, showing alternations of course and fine 
textured dioritic beds. Drawn to scale. Scale, I inch=850 feet. 

Upon examination, the rocks are found to be diorite .and 
andesite in alternating conformable layers. Fourteen different 
layers of diorite were found in the half-mile section, with layers 
of diorite porphyry and andesite between. From a structural 
point of view, all these rocks grade into one another. Some
times the gradation may be actually seen in a single bed; for 
example, a highly porphyritic andesite, which in the field was 
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taken for a diorite porphyry, was found to change gradually 
into a coarsely crystalline diorite; but generally the beds are 
separate. The coarse-grained rock contains some dark inclu
sions, which appear to be like the finer-grained rocks. The 
diorite is also associated with alaskite I which occurs in many 
large segregated masses irregularly distributed, and with a few 
quartz veins, also segregational. The alaskite and quartz veins 
are found only in the diorite; never in the fine-grained rocks. 
At the eastern end of the butte, also associated with the diorite, 
are considerable masses of hornblendite which grade into normal 
diorite. 

Although a careful search was made, no intrusive phenomena 
showing that the andesites are intrusive into the interbedded 
diorites, or vice versa, were found. Although the whole butte 
is of rugged rock and entirely free from any vegetation sufficient 
to obscure exposures, yet the succession of the different beds is 
as normal and regular as in the case of sediments. The ande
sites are evidently similar to the Tertiary andesites which occur 
plentifully in the whole region round about. The conclusion 
reached in the field, therefore, was that Mason's Butte repre
sents the roots of old volcanic flows, that the apparent bedding 
is a flow structure on a large scale, and that the coarse-grained 
and fine-grained rocks, the diorites and andesites, are different 
forms of crystallization from a single magma. Some of the 
fine-grained rocks are separate layers from the coarse-grained 
ones, while some are simply variations in them. The diorite 
naturally incloses portions of an earlier formed crust, which is 
identical with the finer-grained beds. 

Microscopic evidence.-The structure and composition of 
typical specimens from this butte will now be described: 

Hornblentie-biotite-quartz-diorite 2 (I 17 N.).-This rock in the 
hand specimen is medium coarse granular and rather dark, on 

I See Am. G~ol., April, 1900, p. 230. Ala.rkil~ is proposed as a general name for 
rocks consisting of quartz and alkali feldspars without essential ferromagnesian con
stituents . 

• These numbers refer to the specimens in the writer's collection, and are given 
for the purposes of subsequent identification. 
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account of a liberal percentage of ferro magnesian minerals. It 
has the appearance of a typical granular rock. Under the 
microscope the structure is coarse. The largest grains are as 
much as 8mm in diameter, and these grains, which have hypidio
morphic or idiomorphic outlines, are closely intergrown. Filling 
the spaces left by the intergrowth of these larger grains is a 
somewhat scanty mesostasis, composed of grains averaging 
about I mm in diameter. The minerals of the larger and the 
smaller grains are the same, consisting of feldspar, which is 
greatly in excess, and quartz, green hornblende, and biotite. 
The quartz is distinctly subordinate in amount to the feldspar. 
The feldspars were tested by the Fouque method and gave, on 
sections perpendicular to both the positive and the negative 
bisectrices, the extinction angles for oligoclase. 

Hornblende-biotite-quartz-diorite ( 123 N.) .-This does not differ 
in the hand specimen to any noticeable extent from I 17 N. 
Under the microscope also the two are essentially alike, but with 
a slight difference. In 123 N. the larger crystals are more 
abundant, so that the structure at first sight appears to be coarse 
allotriomorphic granular. On closer analysis the section is seen 
to be made up of more or less idiomorphic crystals of feldspar, 
green hornblende, and biotite. closely packed together, with the 
spaces between filled with a scanty mesostasis of quartz, feldspar, 
hornblende, and biotite, these grains being of all sizes, com
mencing with the size of the idiomorphic grains just described. 
In this section, as in 117 N., the quartz is a subordinate essen
tial. The feldspar, tested twice by the Fouque method, gives 
the angles for andesine-oligoclase. 

HornIJlende-andesite (116 N. ).-This is a porphyritic rock with 
an abundant, greenish groundmass, and is entirely similar in 
appearance to the hornblende-andesites of the Pinenut range, 
just west of the butte. Under the microscope the groundmass 
is found to be holocrystalline and microgranular, consisting 
chiefly of allotriomorphic feldspar and hornblende. The pheno
crysts reach a diameter of about 2.7Smm, and consist of feldspar 
and green hornblende. The feldspars, when tested, gave twice 
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the extinction angles of andesine. In this section the pheno
crysts are less in amount than the groundmass. 

Hornblende-andesite (118 N.) .-In the hand specimen this has 
the appearance of a diorite closely verging upon diorite por
phyry. Under the microscope, however, there is found to be, 
between the closely packed phenocrysts, a micro-granular 
groundmass, slightly finer grained than that of 116 N. It con
sists chiefly of feldspar with some hornblende. The phenocrysts 
also are chiefly feldspar, with subordinate hornblende, which is 
larget y altered to epidote. Determinations of the feldspar show 
that it is oligoclase. The larger phenocrysts have an average 
diameter of about 2mm. 

Hornblende-quartz-andesite (12 IN.).-This rock is similar in 
appearance to 1 18 N. It has also a fine holocrystalline granular 
groundmass, showing no fluxional arrangement and composed of 
feldspar and quartz. The phenocrysts have a maximum diameter 
of about 3mm , and consist of feldspar, green hornblende, and 
subordinate quartz, the last named in large rounded· or corroded 
crystals. The hornblende is largely altered to epidote. The 
feldspar, tested twice by the Fouque method, sho'Ys the extinc
tion angles of andesine and andesine-oligoclase. 

Hornblende-quartz-andesite (120 N.).-This rock in the hand 
specimen is dense, greenish and fine grained, having a trap-like 
appearance, with small phenocrysts in an aphanitic groundmass. 
Under the microscope the ro.::k is seen to be much like those 
just described. The groundmass is fine holocrystalline, consist
ing of lath-shaped feldspars and hornblende, with subordinate 
quartz and some pyrite and siderite. There is a slight fluxional 
arrangement. The phenocrysts belong to a distinct generation 
from the groundmass (i. e., there are no transitions) and consist 
of feldspar, pale green hornblende, and a single large grain of 
corroded quartz. The phenocrysts reach a diameter of 2mm. 

The hornblende is largely altered to calcite, chlorite, and 
epidote. 

Hornblende-andesite (I 19 N.).-This is from the same bed as 
120 N., and is simply a variation from it. In appearance it is 
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somewhat different, on account of the more abundant con
spicuous feldspar phenocrysts, which are, however, very small, 

" so that the rock resembles a miniature of 121 N., reduced three 
or four times. Under the microscope the ground mass is seen to 
have been originally glassy, but now is devitrified, and has a 
cryptocrystalline structure, The phenocrysts attain a diameter 
of about I mm, and consist of feldspar and hornblende. The 
feldspar, upon optical examination, proves to be oligoclase. 
The hornblende is mostly altered to calcite and chlorite. 

Alaskite (I 14 N.).-This in the hand specimen is a typical, 
rather fine-grained, dense rock. Under the microscope the 
structure is hypidiomorphic granular. The grains average I mm 

in diameter, and consist of quartz, orthoclase, and microcline in 
somewhat equal proportions. The only dark minerals present 
are a few grains of chlorite and pyrite. 

HornlJlendite (124 N.).-This is a coarse-grained rock, typical 
of its kind, and also consists of green hornblende, with blotches 
of epidote. Under the microscope the structure is seen to be 
allotriomorphic. No other minerals are present save those men
tioned, and the epidote is secondary to the hornblende. In the 
section studied the grains average about 3mm in diameter. 

Analysis of struc/ure.-The series of rocks just described, 
from I 17 N. to 119 N., inclusive, shows a transition, which has 
at one end a typical coarse granular rock and at the other a por
phyritic rock with a glassy groundmass. In "the intermediate 
stages the phenocrysts increase in numbers and somewhat in 
size, while the groundmass shrinks in volume and becomes also 
coarser. In 123 N., which is a typical granular rock only 
slightly removed from I 17 N., these phenocrysts have increased 
until they nearly fill the rock, while the small portion of ground
mass which remains has coarsened so that the grains are a 
millimeter in diameter; thus the rock at first sight appears a 
typical allotriomorphic granular rock, from which it is moreover 
not far removed. 

The very slight variations of structure between any two adja
cent members of this transition series shows that the differences 
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in condition which brought about the separation of the coarse
grained from the fine-grained rocks were relatively small. 
These differences are plainly longer cooling periods (and hence 
longer crystallization intervals) in some portions of the rock, as 
compared with others. The coarse granular rocks, judging from 
their almost complete and uniform crystallization, have crystal
lized entirely in their present position; the segregation from 
them of alaskite on the one hand, and hornblendite on the other, 
is additional evidence of this. The porphyritic forms, however, 
show generally two distinct generations, and this, with the fact 
that some of the phenocrysts of the first generation, especially 
the quartz, show corrosion and resorbtion, indicates a change of 
conditi~ns; also the slight fluxional arrangement, sometimes 
observed, shows at least local movement. Yet the contempo
raneity of the fine-grained porphyritic rocks with the granu
lar forms, shows that the crystallization break registered by 
the former did not arise from any important change of posi
tion. 

Composition of rocks. - The general mineral composition of 
rocks of all structures (leaving out the alaskite and hornblen
dite, which are plainly segregation products from the hornblende 
quartz-diorite), is the same, being a hornblende-quartz-diorite or 
quartz-andesite. In the andesites the quartz, where present, was 
plainly in process of resorbtion by the groundmass at the time 
of solidification, so that it is probable (from the fact the horn
blende andesites and the hornblende-quartz-andesites often occur 
as variations of a single bed) that in those andesites which do 
not show free quartz the composition is the same as where they 
do, the quartz belonging to the first period of crystallization 
having been entirely resorbed. 
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Analyses of the rocks are as follows (analyst, Dr. H. N. 
Stokes) : 

No. t, No. "7 N. NO.2, No. I., N. 
Hornblende·biotite- Hornblende-quartz. 

quartz·diorite andesite 
-

SiO. 60.25 SiO. 53·37 
Al.Oa 17·90 Al.Oa 16·57 
Jo·e.O. 3.08 Fe.O. 3.84 
FeO 2·44 FeO 2·45 
MgO 2·44 MgO 5·79 
CaO 5·57 CaO 6.30 
Na.O 4.29 Na.O 3.40 
K.O 1.89 K.O 2·55 
H.O+ .20 H.O+ ·39 
H.O 1.24 HIO 2·33 
TiO. .65 TiO. .86 
CO. none CO. 1.61 
p.O, . 25 P.O • .29 
MnO .06 MnO .08 
srO .07 srO trace 

100·33 99.83 

In No. I the ratio of NallO + KilO: CaO = I : 1.1. In No. 
2 the same ratio is 1 : 1.13. These ratios are calculated from 
the quotient figures obtained by dividing the percentages of 
each by the molecular weights. Similarly in No.1 the ratio of 
KilO: CaO is 1 : 4.95. In NO.2 the same ratio is 1 : 4.18. 

No.2 contains less quartz and more hornblende than No. I, 

hence the decrease in silica and the increase in magnesia; other
wise the two rocks are the same. 

Correlation of rocks.-As before stated, just west of Mason's 
Butte lies the northern end of the Smith Valley and Pinenut 
ranges. On crossing from Waubuska through Churchill Can
yon, andesites were found which were recognized in the field as 
similar to those in the butte. The bedding of these rocks is 
nearly horizontal. They are fine-grained hornblende-andesites, 
often with fine holocrystalline groundmass; occasionally they 
vary to fine-grained diorite porphry. In higher portions of the 
mountains (these relatively coarse-grained lavas are exposed in 
the lowest cuts) the lavas are dacites and pyroxene andesites. 

Andesites form the main mass of the Pinenut range at its 
northern end, which is separated from the Washoe district at 
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the southern end of the Virginia range by a comparatively nar
row valley. The lavas of one range are evidently continuous 
with those of the other.' In the Washoe district have been 
found eruptions of hornblende-mica-andesite and quartz-ande
site or dacite, corresponding exactly to that at Mason Butte. 
At Washoe, also, the andesite becomes, under favorable condi
tions, coarsely crystalline, and Messrs. Hague and Iddings' 
have noted that upon this complete crystallization quartz sepa
rates out, producing a mica-quartz-diorite. 

RHYOLITIC ROCKS. 

TRANSITIONS IN TEXTURE OF THE BASAL RHYOLITES OF THE 

PINENUT RANGE. 

Field descn'ption..-The central core of the Pinenut range is 
made up of granitic rocks. These were examined in two locali
ties: one southeast from Dayton, and one west from Wellington. 

At the first mentioned locality, granitic rocks are exposed 
along an easterly facing scarp which is at the north end of Smith 
Valley. The rocks are all granular, so far as observed, but 
vary much in texture from fine to coarse; they are often por
phyritic. They show a distinct banding, resembling at a dis
tance rude stratification; this banding is due to a zonal arrange
ment of the rocks of different textures. 

In the district west from Wellington, rhyolitie and granitic 
rocks are exposed in the spur just east from the Mountain 
House, and are of exceptional interest. Here, beneath the 
andesitic rocks which cover the mountain slopes, is found a 
highly indurated volcanic conglomerate and sandstone, appa
rently waterlaid, and consisting entirely of rhyolitic material. 
A short distance farther on, the rocks from which these detri
tals are derived were found in place. These original rocks show 
great variations, passing from a fine-grained, almost aphanitic, 

I See" The Succession and Relation of Tertiary Igneous Rocks in :the Great 
Basin Region," JOUR. GEOL., Vol. VIII, p. 621. 

• Bull. 17, U. S. Geol. Surv. 
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rhyolite, to coarse siliceous granite and alaskite. The number
less variations are within a few feet of one another and are 
arranged in bands, recalling immediately the similar phenome
non in the andesitic rocks of Mason Butte. In the case of the 
rhyolitic rocks also there is no sign of intrusion of one into 
another, nor in general does there appear to be any marked 
gradations between the different bands at contact, the bound
aries between them being fairly distinct. 

It is clear in the field that the variations are chiefly textural 
and that the composition of all the varieties is nearly the same 
- that of siliceous granite or rhyolite. 

In this case again, we have rocks which appear to represent 
the roots of old volcanics, being intermediate between com
pletely massive plutonic igneous rocks and superficial fine
grained volcanics. They must have suffered a flowage 
resulting in the formation of this peculiar streaky structure, 
while the great variations in texture in the different bands show 
crystallization at points still far removed from the surface. 

Of the different rock varieties in the locality west from Wel
lington the following will be briefly described. 

Biotite-,hyolite (164 N&,).-Structure porphyritic; groundmass 
cryptocrystalline, probably devitrified glass. The phenocrysts 
are of all sizes, the larger ones grading down to those which 
vanish in the groundmass. They are of feldspar, quartz, and 
biotite, the latter decomposed. The feldspar was determined to 
be largely albite and oligoclase-albite, although there is some 
orthoclase, The largest phenocryst of feldspar measures 
2* mm in diameter; the largest one of the quartz, 1 ~ mm. The 
rock contains angular fragments of finer grain. Some. of these 
seem to be devitrified rhyolitic glass, while others are fragments 
of more basic lava, probably andesite - these latter show small 
lath-shaped feldspar phenocrysts in a glassy semi-devitrified 
groundmass. 

Biotite·,hyolite (165 Na.).-In this specimen the groundmass 
becomes slightly coarser than in the preceding specimen and is 
very fine microgranular. It also becomes more scant than in 
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164 Na, on account of the multiplication of phenocrysts, which 
show the same great variety in point of size as the rock just 
described. The same angular fragments of more basic lava also 
occur. The phenocrysts are quartz, orthoclase, and a striated 
feldspar; the latter tested twice by the Fouque method proves 
to be albite. The orthoclase was optically determined as 
such. 

Rhoylite ( 162 Na.).-In this rock the ground mass is fine holo
crystalline, coarse enough to enable one to distinguish the 
mosaic of quartz and feldspar. This ground mass contains the 
same fragments of more basic lava that have already been 
described, and also encloses broken phenocrysts of mostly 
unstriated feldspar. 

Granite-porphyry, fine-grained (169 N.).- In this rock the 
groundmass is fine granular, sometimes granophyric, and con
rists chiefly of quartz and orthoclase. The phenocrysts are 
abundant and consist of quartz and feldspar, with chlorite and 
epidote which are derived from the decomposition of ferro mag
nesian minerals. The feldspar phenocrysts are partly orthoclase 
and partly a striated feldspar, which, determined by the Foque 
method, proves to be oligoclase-albite .. 

Biotite-granite, medium-grained (I 71 N . ) .-I n this rock the 
grains are of two distincts sizes, one many times larger than the 
other. The larger grains have a tendency to idiomorphism, the 
smaller grains to allotriomorphism. The smaller grains are 
included between the interlocking larger ones and may be con
sidered as forming an overgrown groundmass, partly crowded 
out by the multiplication and joining of phenocrysts, which are 
represented by the larger grains. The minerals of the rock are 
quartz, feldspar, biotite, and magnetite. The feldspar is almost 
entirely orthoclase, with some microcline and albite. 

Granite, coarse (175 N.).-The structure of this rock is like 
that of the preceding, only coarser. It contains many perfect 
idiomorphic crystals of feldspar, often touching and almost inter
locking, and smaller crystals of bleaching biotite and ragged pale 
green hornblende, the last perhaps secondary. These 'minerals 

Digitized by Google 



VARIA TIONS OF TEXTURE IN IGNEOUS ROCKS 597 

are in general cemented by a mesostasis of coarse allotrio
morphic quartz, which often includes or is intergrown with, in 
poikilitic fashion, smaller crystals of feldspar, pale green horn
blende, and sphene. The feldspar included in the quartz sinks 
to very small dimensions, whereas the ordinary feldspar grain is 
very large. The structure may be regarded as the coarsening 
of the porphyritic structure, or at least closely related to it by 
reason of the two generations. The large feldspar crystals are 
partly orthoclase, but are chiefly finely striated. Optical deter
minations of the striated crystals show microcline-anorthoclase 
and albite. 

Granit~, coarse (172 N.).-This rock is almost entirely like 
175 N, and has a good deal of the peculiar structure of this 
rock, but in general is more hypidiomorphic granular or truly 
granitic. 

Analysis of the structures of the granite-rkyolit~s. - The analysis 
of the structure of the granites and rhyolites just described helps 
toward a better understanding of their relation. 

164 N (a). Here are phenocrysts of all sizes, gradually 
shrinking in size to the glassy (sometimes slightly devitrified) 
ground mass ; i. e., the cry~tallization, instead of belonging to one 
or two distinct generations, represents many generations, not 
separable from one another. This is a proof of gradual and 
equable hardening. It shows that the viscosity increased very 
slowly and regularly to the point of final complete solidification, 
the newer crystals having progressively smaller fields of crystal
lization. 

165 N(a). This is like 164 N(a) except that the groundmass 
diminishes, on account of multiplication of phenocrysts. This 
marks a longer cooling period than 164 N (a), so long as almost 
to permit of total crystallization as relatively large crystals. 

162 N(a). In this section the feldspar phenocrysts are not 
connected by gradual transitions with the groundmass, which is 
slightly coarser than that of 165 N (a) and is much more abun
dant. We have, therefore, two distinct generations of crystalli
zation, and this, together with the frequently broken character 
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of the phenocrysts, indicates a break in the cr'ystallization, evi
dently resultant from a movement of the solidifying mass. The 
order of events in this section was, therefore, (I) comparatively 
slow crystallization of feldspar; (2) flowage, producing a change 
of conditions; (3) medium rapid cooling, bringing about die 
uniform moderately fine crystallization of the rest of the rock. 

169 N. Here the line between the abundant phenocrysts and 
the fine-grained groundmass is, in general, distinct. for although 
there are transitions between the two they are not so .abundant 
as in rocks like 164 N.(a) and 165 N(a). This connotes a 
shorter period of first crystallization (when the phenocrysts were 
formed) than does 165 N ( a), then a more rapid cooling than 
1-65 N (a) to a certain point, then a slower rate of crystallization, 
permitting the formation of the uniform fine granular structure. 

171 N. The structure of this connotes a long period of slight 
viscosity, during which the crystals of quartz and feldspar could 
grow until they touched and sometimes interlocked. The differ
ence in size between these crystals and the grains of the ground
mass or mesostasis which fills the space between them, implies 
a slight break or change of conditions, after which was again a 
comparatively slow uniform crystallization of the rest of the 
rock, prod~cing an even allotriomorphic granular structure. 
There are then two distinct generations of crystals. The result
ing structure is entirely similar to the ophitic structure of diaba
ses, save that in these siliceous feldspars the forms are not so 
elongated, and so the structure is not so striking. The struc
ture of this specimen, however, differs from the typical granitic 
structure in the same way that a diabase differs in structure 
from a gabbro. A longer period for the first crystallization, 
reducing the mesostasis to a still smaller percentage, would give 
the aplitic structure, where the idiomorphic crystals are predom
inant and occupy the greater portion of the section. 

175 N. This is like 171 N, but in general the mesostasis of 
comparatively small grains is wanting, being replaced by a filling 
of coarse allotriomorphic quartz. In this case the conditions of 
trystallization have evidently been gradual throughout. The 
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rock crystallized slowly under conditions of slight viscosity. 
After the exhaustion of the feldspathic material residual quartz 
crystallized in the remaining spaces. 

TalJuialion. - The following table shows the gradation from 
fine-grained rhyolite to granite: 

Specimeu No. 

164 N (a) 
165 N (a) 
162 N(a) -
I6c) N 
171 N -
172 N 
175 N 

- Glassy. 
Cryptocrystalline. 

- Finely microgranular. 
Microgranular; micropegmatic. 

- Granular; grains average .5- diameter. 
Granular; grains average .5- diameter. 

- Large quartz grains, average 2.25-. 

Analyses.-The following are analyses of the two fairly typi
cal specimens as above descrihed (analyst, Dr. H. N. Stokes): 

(I) 168 N. Biod.., rhyolite. 
Like 165 N Ca}. C.) 1"/2 N. SiU.,..,us granite. 

SiO. 71·49 SiO. 75·09 
Al.O. 15·06 Al.O. 13·51 
Fe.O. I. 51 Fe.O. 1.13 
FeO .88 FeO .08 
MgO ·35 MgO .18 
CaO 1.54 CaO ·91 
Na.O 4. 19 Na.O 3·58 
K.O 3·39 K.O 4·71 
H.O- .16 H,O- .17 
H.<>+ .88 H.O+ .25 
TiO. . 20 TiO • .22 
CO. none Co. none 
P.O. .08 P,O. .04 
MnO trace MnO trace 
srO trace I srO trace 

---
99·73 99·87 

It will be seen that No 2 is slightly more siliceous than No. I; 

nevertheless the two rocks are intimately related. In No. I the 
relation of KilO + NaIlO: CaO= I : .26. In No. 2 the same 
ratio equals I: .15. Similarly, in No. I the relation of KaO:CaO 
= I : .75. In No.2 the same ratio equals I : .32. 

Conclusions.-Many of the bands in this granite-rhyolite 
series show by their structure that they have undergone no break 
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in crystallization from beginning to end. The rocks have evi
dently crystallized entirely in their present position, and the slow 
hardening which is ordinarily indicated shows that this point of 
consolidation was originally some distance from the surface. 

In other specimens there have been slight breaks, bringing 
about two, three, or more generations of crystals which in the 
rocks near by are not distinguishable. These minor breaks were 
due to slight migrations of material in certain bands, which 
flowed slightly during the process of cooling, as is proved by the 
angular fragments of finer-grained lava which they contain and 
by the occasional broken condition of the phenocrysts. 

As explanation of the difference in crystallization between 
the granular bands and the intercalated fine-grained ones, it 
must be remembered that those bands which were affected by 
flowage must have been at the time those possessing least 
viscosity and consequently those which were least crystallized. 
The final crystallization of these bands, therefore, took place 
at a later period than that of granular bands, at which period 
the rate of solidification was very likely more rapid. It is prob
able, moreover, that the movement of flowage brought on of 
itself a more rapid crystallization than if the rock had been 
undisturbed, and that thus the finer-grained groundmass 
orginated. The same suggestions hold good for the similar 
phenomena, already described at Mason Butte. [ 

I In connection with the conclusion above arrived at, i. ~., that the phenocrysts 
of the rocks were fonned practically in place, compare the papers by Professor Pirs
son and Professor Crosby. (Am. Jour. of Sci., Vol. VIII, April, 1!!99, p. 271, "On 
the Phenocrysts of Intrusive Igneous Rocks," and Allurican G~oIogist, Vol. XXV, 
No.5, May, 1900, "On the Origin of Phenocrysts and the Development of Porphyritic 
Texture in Igneous Rocks.") 

Professor Pirsson argues that the phenocrysts of intrusive rocks are not neces
sarily intratelJuric, and that there is no necessity of more than one period of crystaIliza
tion even for porphyritic rocks. From the fact that contact zones are often without 
phenocrysts, while the rest of the rock contains them; that in a contemporaneous 
complex of dikes and sheets some may have phenocrysts while others do not; from 
observed cases where fluidal phenomena show that phenocrysts have developed after 
the flowage; from the arrangement of the crystals of the groundmass around some 
phenocrysts, showing that these crystals have been crowded and shoved during the 
growth of the larger crystals; and from the fact that many granites (which have gen
erally been considered intrateIluric) contain very large phenocrysts, Professor Pirsson 
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TRANSITIONS OF TEXTURE IN THE GRANITE-RHYOLITES OF THE 

QUINN CANYON RANGE. 

Field descriptioll.-The Quinn Canyon range lies a long dis
tance east ot all the other localities which have been described, 
being almost due south from Eureka and nearly west of Pioche. 
The whole southern portio~ of the range is buried in rhyolitic 
flows.' The range. was examined by the writer at its northern 
end, where the Paleozoic core of the mountains emerge from the 
volcanic covering. On the western side of the range, near the 
contact of the Paleozoics with the rhyolite, the stratified rocks 
are pierced by numerous great dikes, which vary from coarse to 
fine in texture. These dike rocks seem similar in composition, 
and sometimes in texture, to the rather massive rhyolite which 
forms the hills to the west of this locality. 

Microscopic description.-A specimen of the main rhyolite 
examined under the microscope has the following characteristics: 

Rhyolite (24 IN.) .-This rock has phenocrysts of all sizes, 

reasons that phenocrysts are not necessarily of a distinct crystallization period as 
compared with the groundmass, but may in some cases be formed in place. Professor 
Pirsson advances the explanation that a comparatively rapid fall of temperature and 
decrease of hydration, resulting in a viscosity augmenting in an increasing ratio, may 
produce monogenetic phenocrysts (that is, phenocrysts which occur only in a single 
generation). Recurrent phenocrysts (that is, those occurring in more than one gen
eration) he explains as due to mass action, believing that minerals which are present 
in very large quantity are especially active crystalhzers. 

Professor Crosby beheves that no sudden changes of tell!perature, hydration, or 
pressure, are necessary for the formation of phenocrysts. He believes that in a gradu
ally consolidating rock the crystallization first established may be brought to a close 
by the gradllally increasing viscosity and that after passing this critical point new 
zones of crystallization will be establi~hed. of much smaller field, and at this point 
the groundmass begins and the phenocrysts end. If the rate of cooling is still 
slower, an allotriomorphic granular texture results, while if the rate is more rapid the 
texture may be glassy or nearly so. 

The deductions of the writer, given above, agree with those of the authors cited 
in this, that phenocrysts may be formed in place. His observations, however, go to 
show that where cooling is strictly uniform there will be no distinct generations, but 
a gradual transition from phenocrysts to ground mass ; whereas, if there are distinct 
generations, they are brought about by breaks in the conditions of consolidation, even 
though these breaks be comparatively slight. 

I G. K. GILBERT, Surv~ Wut oftlu rootn M~ridia,,: Vol. III, Geology, p. 122. 
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from 1 ~ mm in diameter grading down into groundmass, which 
is cryptocrystalline, probably a devitrified glass. 

Two selected specimens of the di~e rocks have the following 
characteristics: 

Biotite-granite-porphyry, near rhyolite (243 N.) .-Like 241 N, 
this rock has phenocrysts of all sizes, from 1 ~ mm in diameter 
down to the groundmass. There are, however, more phenocrysts 
in this rock than in the one just described. As in 241 N, the 
phenocrysts have no fluxional arrangements, but a divergent one. 
The groundmass is fine holocrystalline allotriomorphic ganular. 

Biotite-granite (242 N.).-This rock consists of grains of all 
sizes from 6 ~ mm in diameter down to the very minutest dimen
sions. The smallest ones, which are very abundant, are about 
.02 to .03 mm in diameter. There is a tendency to idiomorphism 
throughout. The smaller sizes of crystals act as mesostasis for 
the larger ones, and these have a mesostasis of the still smaller 
ones. The essential minerals are quartz, othoclase, and biotite, 
with accessory hornblende, titanite, magnetite, and a little 
striated feldspar. 

Analyses.-The chemical composition of these rocks is as 
follows (analyst, Dr. H. N. Stokes): 

(I) No. 01. N. Siliceous 
Rhyolite. 

(.) No .••• N. Biotite 
Granite. 

SiO. 74. 67 SiO. 71.48 
Al,O. 13. 25 AI.O. 13·00 
Fe.O. 1.06 Fe.O. 1.25 
FeO .18 FeO 1.55 
MgO trace MgO ·95 
CaO 1.26 CaO 2.60 
Na,O 3·99 Na.O 2.60 
K,O 4. 62 K.O 4. 24 
H.O- .18 H.O- .20 
H.O+ .22 H.O+ 1.24 
TiO. .07 TiO. ·43 
CO. ·79 CO. .30 
P.O. . 06 P.O • .09 
S trace S none 
MnO none MnO .09 
BaO none BaO .(1) 
SrO none 

I 

100·35 ! 
100.11 
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In No. I the relation KilO + NallO : CaO= I : .2. In NO.2 
the same relation equals I: .53. In the same way, in No. I. 
KilO: CaO = I : .46. In NO.2 the same ratio equals I : I. 

C01lclusions.- In the field the evident relation of the dikes to 
the rhyolite led to the inference that they had been the feed
ers of the extrusive rock. Under the microscope the composi
tion of the three rocks is found to be the same, and the structure 
shows variations indicating no great differences in the condi
tions of cooling. The structure is identical with that of certain 
specimens of rhyolite-granite just described from the Pinenut 
range, and therefore need not be analyzed again. Briefly, in 
all three it indicates complete crystallization in one place, with 
no interrupting movement. The period of consolidation for 24 I 
N was comparatively short, that of 243 N somewhat longer. 
and that of 242 N markedly greater than 243 N. 

ANALOGOUS CASES OF VARIATIONS OF TEXTURE IN OTHER PARTS 
OF THE GREAT BASIN. 

In the. Washoe district, Nevada, not far from the first 
locality decribed by the writer, Messrs. Hague and Iddings 1 

found a gradual transition from pyroxene andesites with glassy 
.8roundmass to pyroxene.diabase with coarse granular structure. 
In the Sutro Tunnel they found coarsening of the crystallization 
as the tunnel nears the core of Mount Davidson, so that at one 
end the rock may be called andesite and at the other end diabase. 
They also discovered like transitions between andesite and 
granular diorites. 

Similarly they found that the earlier hornblende-andesite 
passes into diorite, while the later hornblende-mica-andesite 
changes into mica-diorite in such a way that the two rocks are
inseparable. They concluded that a dike of so-called diabase 
is a variation of the basalt, which was one of the latest extrusions. 

In short, according to these writers, the coarse holocrystalline 
rocks of the Washoe district are chiefly Tertiary, and are partly 
extrusive and partly closely connected with extrusives of similar 

I Bull. 17, U. S. Geol. Surv. 
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composition. Another interesting conclusion is that the change 
between the lava texture and the granitoid texture consists 
chiefly in the coarsening of the groundmass. 

In 1899, Messrs. Tower and Smith described textural transi
tions in the Tintic range in Utah, which lies within the petro
graphic province of the Great Basin and is situated southward 
from Great Salt Lake.' In this district is found pyroxene 
andesite or perhaps more properly latite, which is an effusive 
rock and is closely associated with granular monzonite. There 
are all variations of texture between andesite with glassy ground
mass to that with a holocrystalline groundmass j from this to 
closely similar rocks, also with holocrystalline groundmass, which 
are called monzonite porphyry j and from these through panidio
morphic granular phases to those of hypidiomorphic granular 
structure. 

CONCLUSIONS. 

In the Great Basin, particularly in Nevada, we have Tertiary 
extrusive rocks which show transitions from a granular structure 
with glassy ground mass. The different phases are often inti
mately associated, and structural analysis shows that the differ
ences of crystallization which brought about these variations 
were slight, a relatively small decrease of the rate of cooling 
being sufficient to allow the formation of the holocrystalline 
instead of the porphyritic structure. 

Transitions similar to those found in the Great Basin have 
been sparingly chronicled elsewhere. These appear to become 
rare in proportion as the rocks become siliceous. This is so 
because with a given relatively rapid rate. of cooling a magma 
of basic composition will consolidate with a holocrystalline 
structure, while a siliceous magma will become fine-grained 
and porphyritic. We have accordingly many instances of 
holocrystalline diabases which are certainly extrusive, and of 
similar rocks in rather fresher condition (generally due to 
their being younger) which have been called doleritcs. In 
the more siliceous rocks such textural transitions are rare in 

• Ni"~t~mt" A"". R~jJt. U. S. G~o/. Sun/., p. 656. 
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effusive bodies, but further down, at the roots of volcanoes, the 
conditions are such as to allow viscosity to increase with the 
same slowness that it does with a more rapid cooling rate in 
more basic rocks. Hence with increasing acidity we find- the 
coarser grained varieties further removed from the surface. In 
general, however, it is plain that a granular rock is not necessarily 
a deep-seated one, in the formerly accepted sense of the word. 

Another conclusion which may be made from the foregoing 
studies is, that the more important structures are not peculiar 
to particular rocks. The porphyritic and the coarse granular 
allotriomorphic or hypidiomorphic structures are already recog
nized as characterizing all rocks, of whatever chemical composi
tion. Also the aplitic structure, or that in which idiomorphic 
minerals (which are the same as the phenocrysts of the por
phyries) form the greater bulk of the rock, has been recognized 
as universal by Rosenbusch, who has described it in granitic rocks 
and in all intermediate ones down to gabbros;· thus his rock 
terms include syenite aplite and gabbro aplite. The ophitic 
structure has been generally supposed to be characteristic of 
diabases, and without question is here best exhibited, on account 
of the rate of solidification which the basic composition of a 
magma entails and also because the elongated forms of the basic 
feldspars make the structure prominent. The foregoing studies, 
however, show that this structure is intermediate between the 
porphyritic and the aplitic structures, representing a stage in 
crystallization when the idiolBorphic crystals (or phenocrysts, 
as they are called in the porphyries) have multiplied and grown 
so that they interlock; and that like these other structures it 
may occur in any rock. In the granites it is not so striking as 
in more basic rocks, on account of the blunt form of the alkaline 
feldspars which form the first generation of crystals, but it is 
nevertheless present in some of the granites which have been 
studied. In diorites the ophitic structure has been occasionally 
described.' 

'ROSENBI1SCH, ofJ. cit., p. 256; ZIRKEL, ultrIJuclt tI~r PetrOl[rafJltu, 2d ed., 

P·4113· 
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The writer, of course, interprets the term ophitic in its broader 
and not in its narrower sense, accepting it as meaning a structure 
w rk of interloc nt, comparati 
fe s is filled in b uch smaller d 
w ature of these be. He does 
pr ing that the necessarily au 
fi for this bro tion in the w 
Rosenbusch, Zirkel, and others. Rosenbusch applies the term 
ophitic ' to diabases where the mesostasis is not augite, but an 
aggregate of primary quartz and feldspar. 

Therefore, the glassy, fine porphyritic, coarse porphyritic, 
o hitic a litie and hypidiomor hie ranular structures ma occur 

They pass by sitions into 0 

a dent upon rel ight differen 
d ling. All m d without an 
m he consolidati 

These conclusions are important 10 considering rock classIfi
cation, as showing that structure cannot be made the element 
of greatest importance. Granites, granite porphyries, granite 
aplites and rhyolites, for example, must not be separated, but 
put as closely together as possible, and the same is true of 
d se porphyrite lites, and bas 

]. E 
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THE FOYAITE-IJOLITE SERIES OF MAGNET COVE: 
A CHEMICAL STUDY IN DIFFERENTIATION. 

INTRODUCTORY. 

SOMETIME since I published a paper I on the II Igneous Com
plex of Magnet Cove," in which it was shown that the main types. 
found there were arranged in a very regular series from the center 
to the periphery of the mass, and that this was an excellent 
example of the differentiation 'of a magma in place, presenting, 
however, the anomaly of being less" basic" at the Qorders than 
at the center. It was also remarked that the analyses then 
available II vary continuously in one direction, with scarcely a 
break or abnormality of any kind."· 

Since then several considerations led to the belief that a new 
and more detailed chemical examination of the main rock types 
was desirable. Several of these, notably the II leu cite-porphyry " 
and ijolite, are representatives of rock groups of great theoretical 
importance, complete analyses of which are highly desirable. In 
this respect many of those published by Williams 3 are defective, 
the non-determinations of the rarer constituents being largely 
due to the fact that the importance of completeness in rock 
analysis was not recognized at the time they were made.· 

Such a reexamination seemed to be the more desirable, since 
in a recent paper Pirsson s has shown that the rocks occurring in 
the Little Belt Mountains of Montana form an extremely regular 
series. By plotting the constituent oxides on an abscissal basis 
of distance from the center of the mass, he arrived at the con
clusion in this case that, II given the percentage of one element, 
the chemical composition of any rock of the series to within a 

I B"II. Gtol. Soc. Am"., Vol. XI, p. 389, 1900. • op. cit., p. 403. 

3J. F. WILLIAMS, .. Igneous Rocks of Arkansas." A"". Rtp. Gtol. S"I'TJ. Ark. 
Vol. II, 1890. 

4 Cf, J. C. BRANNER, in Williams, op. cit., p. xiv. 

5 L. V. PIRSSON, 1'wmtitlh A",.. Rep. U. S. Gtol. S"I'TJ., Part II, p. 569 ff., 1900. 
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fraction of 1 per cent. can be deduced from the diagram." This 
instance is the first in which the differentiation of a mass of 
magma is rendered capable of exact mathematical treatment and 
proof, and its great theoretical interest and importance is obvious. 
The conditions of the locality were such that it was thought that 
the Magnet Cove complex might furnish another favorable 
example of the same kind, a hope which was justified by the 
results obtained. as will be seen later. 

The analyses of six of the representative plutonic rocks of 
Magnet Cove, as well as two of Fourche Mountain, were there
fore undertaken, with the determination of the rarer constituents 
which might be present. For petrographic descriptions the 
reader is referred to the two papers cited above. 

In this connection I would express my full endorsement of 
Pirsson's remarks I on the importance of good and complete 
analyses, which are absolutely essential for such mathematical 
discussion, and with him deplore their comparative rarity. To 
many petrographers, any collection of figures which foots up 
within 98 and 102 per cent. is a usable analysis, even though the 
results are at variance with the mineralogical composition, and 
some of the obviously important constituents are not estimated. 
It is not realized that such "analyses" do far more harm than 
good to the science. From this point of view alone, the excel
lent work of Dr. Hillebrand and the other chemists of the United 
States Geological Survey is of inestimable value, as they have 
set a standard to fall short of which in any marked degree 
should be accounted a petrographic sin. Let me be the first to 
confess "peccavi." 

ANALYSES. 

Putaskite.- The specimen of this type was collected at the 
Little Rock Granite Company's quarry, at Fourche Mountain, 
near Little Rock, the type locality. In I is given my analysis, 
in II that of R. N. Brackett, as quoted by Williams. The two 
do not differ materially, I showing rather less FellOs and CaO 
and more FeO, MgO, and alkalis, though the ratio of 

I L. V. PIRSSON, op. &it., p. 578. 
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I n I II 

SiO. ....... 60.20 60.03 no •.. . ... 0.14 . ... 
AI.O •...... 20.40 20·76 ZrO •....... trace .... 
Fe.O. ••• "0 1.74 4. 01 p.O. 0.15 0.07 
FeO 1.88 0·75 SO •... .... 0.13 . ... 
MgO •....... 1. 04 0.80 Cl ......... 0.09 .. " 

CaO ........ 2.00 2.62 S ..... ••• 0 • none .0 •• 
Na.O ....... 6.30 5.96 MnO ....... trace trace 
K.O ........ 6.07 5.48 BaO ....... trace .... 
H.O(lIoo+) 0.23 0·53 -- --
H.O(IIOO-) 0.10 0.06 100·47 101.07 
C.O ........ none .... 

I. Pulaskite, Fourche Mountain. Washington, analyst. 
II. Pulaskite, Fourche Mountain. Brackett, analysl. WILLIAMS, op. cu., p. 70. 

Na,O : KilO is about the same in both, being 1.57 in I and 1.66 
in II. The specimen analyzed by Brackett' apparently contained 
a little more acmite, though the variations are scarcely more 
than are to be expected in different specimens from the same mass. 

Analysis I can be calculated out as below. There is appar
entlyan excess of AIIIO s ' amounting to about 4 per cent. in 
this, as well as in II, which it is difficult to account for. It does 
not seem to be due to kaolinite or hydronepheIite, as the rock 
is too fresh, and there is no muscovite present. Such an excess 
of Al,Os above (NaIlO+KIIO) - FellOs may be observed in 
many analyses of nephelite-syenites, if the Fe,O s is calculated 
as acmite, and no anorthite molecule is assumed to be present. 
Among these are some by Hillebrand, and there is no reason to 
suppose that this peculiarity is due to errors of analysis. It is a 
feature of this group of rocks which seems to call for investiga. 
tion, and may possibly be connected with the occurrence of 
corundum in the nephelite-syenites. 

Orthoclase 
Albite -
Nephelite -
Sodalite 
Aegirite 
Hornblende, diopside, and biotite • 
Apatite 
Extra alumina 

35. 1 

- 39.8 
3. 1 
1.2 
5·1 

- 11.0 

0·5 
4.2 

100.0 
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Pulaskite (Foyaite).- This is Williams's "gray granite," the 
specimen coming from Braddock's quarry, on Fourche Moun
tain. My analysis is given in I below, with that of W. A. Noyes 
as quoted by Williams in II. The two are closely alike in all 

I II I I II 

SiO. •••• 0 •• 60.13 59·70 CO •....... none .0 •• 
AI.O •...... 20.03 18.85 TiO •...... 1.15 · '" 
Fe.O •...... 2.36 4. 85 zrO •...... 0.05 .... 
FeO ........ 1.33 .... p.O ....... 0.06 •• '0 

MgO ....... 0.76 0.68 SO •....... 0.14 · ... 
CaD ........ 0.87 1.34 MnO ....... trace .... 
Na.O ....... 6.30 6.29 BaD ...... , trace · ... 
K.O ........ 5·97 5·97 --------
H.O(lIoo+) 1.41 1.88 100·72 99·56 
H.0(1I00_) 0.16 '0' • 

1. Pulaskite, lJraddock's quarry, Fourche Mountain. Washington, analyst. 
II. Pulaskite (" Foyaite"), same locality. Noyes, analyst. WILLIAMS, OfJ. cit., p. 81. 

respects except AI. 0 s' which is about 2 per cent. higher in I, 
as about 1 per cent. of TiO., and a trace of P .OG must be 
deducted from the AI.O s of II. 

The analysis (1) calculates out as follows, and it is evident 
that there is no essential difference between this rock and the 
last mentioned. 

Orthoclase 28.6 
Albite - - 39.0 

Nephelite - 6.2 
Nosean 1.2 
Kaolin 7·5 
Aegirite 6·9 
Biotite 7·9 
Titanite 2·7 

100.0 

Foyaite.-What seemed to be an average specimen of the 
occurrence at Diamond Jo quarry, Magnet Cove, was chosen for 
analysis. No pyrite was visible, though the analysis shows a 
trace of sulphur. One or two sman garnets were seen in one 
section, which mineral is not mentioned by Williams as an 
accessory. 
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Apart from the determination of minor constituents, my 
analysis (1) does not differ materially from that of Brackett 

I II I II 

SiO. 53·09 53·38 TiO •...... ' o. II .... 
AI.O •...... 21.16 20.22 ZrO •...... 0.04 .... 
Fe.O •...... 1. 89 1.56 p.O •...... 0.15 .... 
FeO ........ 2.04 1.99 SO •....... none .... 
MgO ....... 0·32 0.29 CI. ........ 0.02 .... 
CaO ........ 3·30 3·29 s .......... 0.08 1·77' 
Na.O ....... 6.86 7.89 MnO ....... 0.20 trace 
K.O ....... 8.42 6.21 BaO ....... 0.61 .... 
H.O(lIoo+) 1.13 

~ 
--------

H.O( 1I00_) 0.24 3·43 100.48 100.03 
CO •........ 0.82 

I. Foyaite, Diamond Jo quarry, Magnet Cove. Washington, analyst. 
II. Foyaite, same locality. Brackett and Smith, analysts. WILLIAMS, Sp. gr. 2.599 

at 26°C., op. cit., p. 238. 

and Smith (II), except in the presence in the latter of nearly 
2 per cent. of pyrite, and in the alkalis. I gives a ratio of 
NasO: K,O of 1.3, while in II it is 1.92. The amount of BaO 
in I is high, and is noteworthy since it is found only in traces 
or not at all in the other rocks. It probably belongs with the 
abundant orthoclase, since other cases are known of BaO par
tially replacing KilO in the feldspar of alkaline rocks. The 
analysis calculates out thus: 

Orthoclase 
Nephelite 
Cancrinite 
Aegirite 
Diopside -
Titanite and pyrite 

51.8 
- ;)0·3 

13. 1 

5·7 
8.6 

- 0·5 

100.0 

It is seen that this bears out Williams's remark that "the 
orthoclase is perfectly free from isomorphous mixtures of other 
feldspars." It is indeed somewhat remarkable that the albite 
molecule should be entirely lacking, or almost so, in a rock 
containing so much soda. It seems to be characteristic of the 

'FeS •. 
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Magnet Cove rocks that albite, as well as anorthite and horn
blende, are of very limited occurrence. 

Covile (" Skonkt'nite" ) .-The specimen of this rock, which is 
Williams's" fine grained syenite," came from below the school
house on the western border of the Cove, and the analysis was 
published in my former paper. It is repeated here, with the 
addition of P 805' which has been determined since. Several 
analyses of analogous rocks are also given. 

I II III IV V 

SiO •........ 49.70 44. 65 47. 61 48 .98 46·99 
Al.O,. .... 1!1. 45 13.87 14. 26 12.29 17·94 
Fe.O •...... 3·39 6.06 4.90 2.88 2.56 
FeO ........ 4.32 2.94 4. 07 5·77 7·56 
MgO ....... 2·32 5·15 2.62 9. 19 3·22 
CaO ........ 7.9 1 9·57 8.7 1 9.65 7·85 
Na.O ......• 5·33 5·67 6·70 2.22 6·35 
K.O ........ 4·95 4·49 4. 08 4.96 2.62 
H.O(IIOo+) 1.09 2.10 1.89 0·56 0.65 
H.0(1I00_) 0.25 0·95 0.26 0.26 .... 
co •........ '0' • O. II . ... .... . ... 
TiO ........ 1.33 0·95 1.38 0.98 0·94 
ZrO •.. . .... . ... o ••• 0.18 . ... . ... 
p.O •....... 0.40 1.50 1.38 0·98 0·94 
SO, ........ .. .. 0.61 .. .. . ... . ... 
Cl ......... .... trace 0·37 .... . ... 
}4' .......... .... .. , . trace 0.22 .. , . 
S ........... .... ... . o 03 . ... . ... 
MnO ....... trace 0.17 0·30 0.08 trace 
BaO ........ .... 0·76 0.41 0·43 none 
srO ........ ... . 0·37 0.36 0.08 .... 

99·44 99·99 100.68 99·99 99·60 

I. Covite, Below Schoolhouse, Magnet Cove. Washington, analyst. BuD. Geo/. 
Soc. Amer., Vo!' X I, p. 399, 1900. 

II. Theralite, Gordon's Butte, Crazy Mountains, Montana. Hillebrand, analyst. 
J. E. WOLFF, Bull. No. ISO U. S. Geo!. Surv., p. 201, 1898. 

III. .. Tinguaite," Two Buttes, Colo. Hillebrand, analyst. Bull. f-l8 U. S. Ge,ol. 
Sun., p. 182,1897. 

IV. Shonkinite, Yogo Peak, Little Belt Mountains, Montana. Hillebrand, analyst. 
WEED and PIRSSON, Am. Jour. Sci., Vol. L, p. 474, 1895. 

V. Essexite, Salem Neck, Mass. Washington, analyst. JOUR.. GEOL., Vol. VII, 
p. 57, 1899. 

The mineralogical composition of these rocks is such that 
their calculation must, of necessity, be arbitrary and only 
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approximate, but those of I, II, IV, and V may be very roughly 
reckoned out, as below, that of IVa being Pirsson's calculation. 

Orthoclase .......... 0", 

Albite .................. 
Anorthite ........... .... 
Nephelite ............... 
Haiiyne ............... 
Aegirite ................. 
Diopside ....•........... 
Hornblende ............. 
Biotite .••........ .... 
Olivine ................. 
Magnetite .......... 
Titanite .............. : .. 
Apatite ................. 

Ia II. 

29·3 29 
22.8 

9·0 23 
4 

4·5 4 
9. 0 25 

18.8 

2 
2·5 7 
3·1 2 
1.0 4 

100.0 [00 

IV. 

25 
10 

V. 

[6.3 
13.3 
[7.2 
20. [ 

3·7 
35 3·7 
5 7·2 

[8 
7 9·2 

4·3 
4. 0 
1.0 

[00 [00.0 

In my former paper I discussed briefly the position of this 
rock in classification, and provisionally put it with the shonki
nites. At that time the mineralogical composition had not been 
calculated, and this position was assigned to it because it resem
bled Pirsson's shonkinites, except in the presence of nephelite 
and of hornblende instead of biotite, and also because it came 
under Rosenbusch's definition I of these rocks, whose essential 
features according to him, are the presence of abundant dark 
minerals along with nephelite and orthoclase. As was also 
remarked, it cannot be put with the essexites or theralites 
(although chemically closely resembling these), on account of 

'the lack of plagioclase. 
I n this connection it is of great interest to note the fact that, 

in his latest description· of typical theralite, J. E. Wolff states 
that there is nothing which can strictly be called soda-lime feld
spar present. Indeed this fact is evident from a consideration 
of the analyses by Hillebrand, published in the same place. 
The name theralite, therefore, cannot be applicable to Wolff's 
Montana rocks, or else its definition must be changed. 

I ROSENBUSCH, Elemmte de, Gofsteinslelt,e, p. [74. 1898. 

• null. u. S. Geol. SurtJ., No. [50, p. [97, [898. 
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It will be seen that, though the covite and the theralite of 
Wolff resemble each other in qualitative mineralogical compo-
s are composed f alkali-felds 
Ii magnesian m that both are 
I character, ye antitative mi 
w decidedly diff feldspathic c 
o are very larg y p r, with only y 
amounts of nephelite, while the theralite shows about as much 
feldspathoid as feldspar. The calculation of the latter cannot 
be exact, since some of the soda goes into the feldspar, but this 
must be small, and cannot affect the result to any great extent. 
I hen, that the ralite is not a 
f et 'Cove roc might be u 
p vague and 10 of classificat 
1 litative miner position. 

son of Pirsso ns I with Ro 
definition of shonkinite indicates that the latter has been appa
rently laboring under a misapprehension of the former's descrip
tions, and that his definition does not cover the rocks as Pirsson 
described them. Pirsson expressly states in each case that 
nephelite is either entirely absent or present only in mere 
t does not coin definition w 
n ssential const 

esembling ea any ways, ye 
c g differences analysis of t 
Cove roc an those of shon 101 e. n lO,l' iron oxides, a an 
K l! 0 they are closely alike, but in the Magnet Cove rock All! 0 s' 
and Na.O are higher and MgO lower. Indeed the calculations of 
the mineralogical composition, though that of Ia is only approxi
mate, show clear! y that while the II covite" is distinct! y leuco-
c nkinite is as elanocratic. 
d 1 be pointed he II leucite-
a e. In this r ck under co 
r typical essex ere again the 
ti e in the amou n the essexite 

'L. V. PIRSSON, Bull. Gtol. Soc. Am., Vol. VI, p. 408,1895; Am. Jour. Sd., Vol. 
L, p. 474,1805; Am.Jour. Sd., Vol. I, p. 358,1896. 
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much lower, and plagioclase entering to a very considerable 
extent. 

For this leucocratic holocrystalline combination of ortho
clase (alkali-feldspar) and less nephelite, with hornblende and 
aegirite-augite, of granitic structure, and with a composition 
like that given in the analysis above, I would propose the name 
of Covite. If only the qualitative, not the quantitative, miner-. 
alogical composition be considered, the covites may be called 
basic nephelite-syenites or foyaites. But the whole tendency 
of modern petrography is, rightly, against this narrow view of 
rock classification, and the use of a new name seems to be 
abundantly justified. In ordinary typical foyaites the alkali
feldspars and nephelite, etc., make up from 75 to 90 per cent. 
of the rock, the dark minerals consequently only from 10 to 
25 per cent. In the covites, on the other hand, while the type 
is rather leucocratic, the light and dark minerals are present 
more nearly in the same amount, and these rocks might justly 
be called" mesocratic." 

As a matter of fact, accepting Pirsson's definition of shonki
nite as the standard (viz., melanocratic combination of alkali
feldspar with pyroxene, etc.), the covites are the rocks which 
correspond to Rosenbusch's definition of shonkinite. A simi
lar rock, which also belongs here, is that the analysis of 
which is given in III, and which Cross provisionally called. a 
" tinguaite. " 

Arkite("Leucite-porpkyry").-The specimen which was selected 
for analysis came from an exposure a little to the northeast of 
and above Diamond Jo quarry. Judging from the other speci
mens which I collected around the area, it seemed to be repre
sentative and an average specimen of the occurrences. A good 
sized hand specimen was used for the analysis, so as to obtain a 
fair sample of this rather coarsely porphyritic rock. 

The results, given in I, were rather surprising in comparison 
with the analysis by W. A. Noyes of another specimen from the 
neighborhood (II). Not only is SiOI much lower, but MgO is 
a little higher, CaO much more so, and, though the total amount 
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of alkalis remains the same, the new analysis shows a rock 
relatively richer in potash as compared with soda. 

I II III I II III 
------ ------

SiO •.•.......... 44.40 50.96 46 .06 ZrO. ...... ..... 0.03 .... .... 
AI.O. ••••••• 010 19·95 19. 67 10.01 p.O. ••••• 0 ••••• 0·37 .... 0.21 
Fe.O. •••• •••• o. 5. 15 7.76 3. 17 so. ••••• 0 •••••• 0.06 trace 0.05 
FeO ••••• 0 ••••• 2·77 . .... 5·61 CI ..•........... trace 0.25 0.03 
MgO •••......... 1.75 0.36 14·74 MnO .•.......... 0.08 trace trace 
CaO ••••• 0 •••••• 8·49 4.38 10·55 BaO ............ 0.01 . ... 0·32 
Na.O ........... 6·50 7.96 1.31 srO ............. .... .... 0.20 
K.O ............ 8.14 6·77 5. 14 ------------
H.O (110°+) .... 1.17 1.38 1.44 100·76 100.01 99·57 
H.O (110°-) .... 0.24 . .... ... , . Less ° = CI ..... ...... 0.06 0.01 
CO. ............ 0.12 .... . . .... -----------
TiO •••.••....... 1.53 0·52 0·73 ...... 99·95 99·56 

I. Arkite, Magnet Cove. Washington, analyst. Sp. gr., 2.770 at 26° C. 
II. Arkite, Magnet Cove. Noyes, analyst. WILLIAMS, op. nt., p. 276. 

III. Missourite, head of Shonkin Creek, Highwood Mountains, Montana. Hurlbut, 
analyst. WEED and PIRSSON, Am. J0141". Sci., Vol. II, p. 321, 1896. 

The discrepancy between the two analyses of the leucite 
rock cannot be explained by the supposition that the specimen 
analyzed by Noyes carried a larger proportion of pseudo-Ieucite, 
since, although the other constituents work out well on this 
basis, the amount of KII 0 in II is not intermediate between that 
in I and in Williams' analysis of a pseudo-Ieucite crystal. It 
seems to be the case that Noyes' specimen represents a slightly 
different phase, possibly richer in aegirite, but poorer in diopside 
and garnet. From my own observations in the field and the 
specimens collected, I conclude that the specimen of I represents 
the normal rock more closely than that of II. 

It may be remarked that this supposition is borne out by the 
fact that analysis I is, in a general way, intermediate between 
that of the covite and that of the ijolite, given later, while 
Noyes' is not. This is to be expected in view of the observa
tion noted in my former paper (p. 395), that" while the rela
tions of the' , fine grained' (shonkinitic) syenite to the leucite
porphyry are uncertain, the former lies apparently outside or 
above the latter." 

In the absence of discrimination between the two iron oxides 
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in II, it is impossible to make a satisfactory calculation of 
Noyes' analysis, but No. I works out thus, the result being only 
an approximation, owing to the composition of the rock. In 
IlIa is given that of the missourite, as calculated by Pirsson. 

Orthoclase ..••........... 
Leucite ................. . 
Nephelite ............... . 
Aegirite ................ . 
Diopside ............... . 
Garnet •....•............ , 

Ia 

3·9 
36 .9 
25·5 
8·4 

[0.8 

[4·5 

100.0 

Leucite ................ . 
Analcite ............... . 
Zeolites ................ . 
Augite ................. . 
Olivine .....•........... 
Biotite ................. . 
Iron ore .....•••......... 

IlIa 

16 
4 
4 

50 
15 
6 
5 

100 

It is evident from this table that while both rocks are alike 
in being composed essentially of leu::ite, with subordinate 
nephelite (or zeolites), and dark minerals, yet that they differ 
radically from each other, just as did the covite and shonkinite. 
The Magnet Cove rock is distinctly leucocratic, carrying about 66 
per cent. of light minerals, while the missourite is as decidedly 
melanocratic, carrying only 24 per cent. of these. 

• It is obvious from the mineralogical composition, as well as 
from the analysis, that the name "syenite" which has been 
applied to this rock is not justified, if this term is to retain any 
precision of meaning except that of indicating the absence of 
quartz and an alkaline character. Since this is so, and since the 
rock represents a most interesting and quite distinct type, it cer
tainly should have a distinct appellation of its own. 

It would seem peculiarly appropriate to hOllor the memory 
of its first describer, J. F. Williams, by calling it Williamsite. 
But since this name has been already preempted by Shepard for 
a variety of serpentine, and as it would be a solitary exception 
among rock names, it will be best not to do so. I propose, 
therefore, the name of "arkite" (from the usual abbreviation of 
the state name Arkansas), the essehtial features being a holo
crystalline, porphyritic, leucocratic combination of leucite (or 
pseudo-Ieucite) and nephelite, with pyroxene and garnet. 
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/joN/e.-The analysis of this type, from below Dr. Thornton's. 
has been already published,' but i!> here repeated, with the addi
tion of several constituents which have been determined since. 
In·II is given the analysis of a typical ijolite from Iiwaara, in 
Finland. The two do not differ materially. except that I is 
higher in CaO and correspondingly lower in NallO. 

J II I II 

SiO I 41.75 43·70 CO •........ none .... 
Al.O •...... 17·04 19·77 TiO •....... 0.58 0.89 
Fe.O •...... 6.35 3·35 ZrO •....... 0.05 .... 
FeO .••..... 3.4 1 3·94 p.O. ...... 1. 09 1.34 
MgO ........ 4·71 3·94 S .......... none .... 
CaO ........ 14·57 10.~0 MnO ...... trace trace 
Na.O ....... 6.17 9.78 BaO ....... none .... 
K.O ........ 3.98 2.87 
H.O(lIoo+) 0.62 I 0.89 H.O(1I00_) 0.28 100.60 100·30 

I. Ijolile, Magnet Cove. Washington, analyst. Bull. Geo/. Sot:. Am •• Vol. XI. p. 
399, 1900. Sp. Gr. 3084-26°C. 

II. Ijolite, Iiwaara, Finland. Sablbom, analyst. V. HACKMAN, Bull. Com. Geo/. 
Fi,,/., No. II, p. 17, 1900. 

The mineralogical composition of the two is given below. 
that of IIa being Hackman's calculation. II is almost exactly 
half nephelite, while I contains rather less than half of this 
mineral, but both may reasonably be called mesocratic. Hack
man's specimen did not contain any garnet, but this is a very 

la II •• 

Nephelite .......... 38.7 55·00 
Aegirite ........... 4. 6 7·15 
Diopside .......... 31.3 33.-22 
Augite .......... , 6·9 ..... 
Melanite .......... 15·3 .... . 
Titanite ........... .... 2.16 
Apatite ........... 3·0 

I 

3·17 

100.0 100·70 
I 

I H. S. WASHINGTON, op. cit., p. 399. 

• There is a clerical error in Hackman's results, as he gives the nephelite as 
51.02, the sum as 100.50. 
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variable constituent in the Finland ijolites. Hackman (op. cit., 
P.4) notes the identity between the Magnet Cove rock and the 
Finland and Alno ijolites. 

Biotite-i/olite.-An analysis was also made of this rock, the 
specimen coming from near the Baptist church, and the results 
are given in 1. My specimen was, unfortunately far from fresh, 
so that the figures are of little value. Willi~ms' analysis (II) 
of the same type, undoubtedly made on fresher material, is to 
be preferred. The chief feature of interest in I is the (for this 
oxide) large amount of ZrO., which may be correlated with the 
neighboring "eudialyte-syenite pegmatite" described by Wil
liams. 

I II 
I 

I II 

SiO. 38. II 38.93 I SOl ....... none , ... 
AI.O, ...... 20.84 15.41 CI ......... .... 0.02 
Fe,O •. .... 5·67 5·10 Is .......... 0.14 0.89' 
FeO ........ 1.46 4. 24 MnO ....... 0.14 trace 
MgO ....... 3. 80 557 I BaO ....... trace .... 
CaO •••• II' 14·44 16·49 SrO • , •• II' .... trace 
Na,O •••• ,0 6.65 5·27 Li.O ....... .... trace 
K.O 2.12 1.78 
H.O(lIoo+) 4.5 1 I 5. 20 100.60 100.87" 
H.O(IIO'-) 0·57 Less 0 ..... 0.04 
CO. 0.65 .... 
TiO •....... 0.48 1.62 100·56 zrO ........ 0.18 .... Sp.Gr ...... 2.679-26° C . p.O, ....... 0.84 0·35 

The composition of the rock is such that any calculation of 
the mineralogical composition must be rather arbitrary and 
unsatisfactory, but the following (IIa) represents roughly and 

II •. 

'FeS •. 

Orthoclase 
Nephelite 
Biotite 
Diopside 
Melanite 
Schorlomite 
Magnetite -
Apatite -

'WiIliams gives 100.57. 

4.8 
24·1 

6.2 
30 .6 

- 23.0 
6·7 
3.6 
1.0 

100.0 
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approximately that of Williams' specimen. It is probable that 
my specimen was rather richer in nephe1ite and poorer in dark 
minerals than Williams'. The composition is much the same 
in a general way as that of the ijolite, only that it is melano
cratic, rather than mesocratic. 

Jacupirangite.-A new analysis was made of the dark, coarse
grained rock, composed largely of augite, which occurs as a 
small mass northeast of the main area, on Cove Creek. This 
was deemed to be advisable since the analysis of Williams 
showed more CaO, or less MgO and FeO, than was necessary 
to form augite or any other mineral present. The analysis of 
Williams is given in I, and my results in II, with two other 
analyses for comparison. 

No. 

Siv •.................... 
Al.O •.................. 
Fe.O, ................. . 
FeO ................... . 
MgO ........•...•..••. 
CaO ................... . 
Na.O .................. . 
K.O .................. . 
H.O 110°+ ............. . 
H.O 110°-............. . 
co •.................... 
TiO •.................. 
ZrO ••...........•...... 
x ...................... . 
p.O, .................. . 
Cl ..................... . 
S ...................... . 
MnO .................. . 
BaO ................... . 
SrO .................... . 

Sp. gr., 3.407-26° C. 

36 .5 1 
11.22 
11.29 
3.31 
II.IQ 

18.115 
2.10 
1.08 
1.40 

3. 11 

0.03' 
6.03 
trace 

trace 

99. 22 

II 

38 .39 
7·05 
9·07 
6.17 

I 1.511 
19. 01 
0·74 
0·75 
0·33 
0.14 
0·32 
4·54 
none 
0.24 
0.82 

0.42 
0·32 
trace 

99.89 

III IV 

38 .38 45·05 
6.15 6.50 

11.70 3·83 
8.14 7. 69 

11.47 12.07 
18.60 18.82 
0·78 0·94 
0.13 0.78 
0·54 12.4o 0.18 
none 
4.32 2.65 

0.17 0.15 

0.16 

100.88 

1. Jacupirangite, Magnet Cove. J. F. Williams, analyst. Op. cit., p. 227. 
II. Jacupirangite, Magnet Cove. H. S. Washington, analyst. 

III. Jacupirangite, Jacupiranga, Sao Paolo, Brazil. H. S. Washington, analyst. 
IV. Pyroxenite, Brandberget, Gran, Norway. L. Schmelck, analyst. W. C. BROGGEIl 

Q-J. G. S., Vol. L, p. 31, 1894. 

, FeS •. 
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While I and II are alike in a general way, yet there are 
marked differences in SiOI" FeO, MgO and S. The specimen 
analyzed by Williams carries considerable pyrite, while mine 
only showed a few specks of it. The differences in the other 
constituents named may be attributed to alteration, especially in 
view of Williams' statement that the specimen analyzed by him 
was not fresh.' Analysis II calculates out readily as follows: 

Nepbelite -
Diopside -
Augite 
Biotite 
Magnetite 
Pyrite 
Calcite 

TTa 
4 

- 64 
15 

- 5 
8·7 

- 0·7 
0.6 

100.0 

In my former paper this pyroxenite was referred somewhat 
doubtfully to the jacupirangite of Derby. Through the kind
ness of this gentleman, to whom I would express here my deep 
acknowledgments, I have lately received numerous specimens 
of the Brazilian types. A comparison of these with the Magnet 
Cove specimens makes it evident that the two occurrences differ 
chiefly in size of grain, the Arkansas rock being very coarse, 
while those from Brazil are much finer grained. In all other 
essential respects the two are closely alike. 

From the microscopical examination of the specimens which 
Professor Derby sent me, it is evident that the II Jacupirangites" 
of Brazil vary from rocks rich in nephelite, and which are true 
ijolites, closely analogous to those of Magnet Cove and Finland, 
through rocks composed predominantly of pyroxene, with small 
and varying amounts of magnetite and nephelite, to types 
extremely rich in magnetite and with no nephelite or only traces 
of this mineral. Accepting then the name of Jacupirangite for 
the medium type, the application of this name to the Magnet 
Cove rock is abundantly justified, since the only difference is the 
comparatively unimportant one of size of grain, both being 
holocrystalline. 

• WILLIAMS, o/J. cit., p. 227. 
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That this identity of the two, based on mineralogical grounds, 
is correct, is substantiated by a chemical analysis of one of 
Derby's specimens made by myself. For this purpose an 
apparently medium specimen was chosen, composed largely of 
a violet-brown augite, with some magnetite (more than in the 
Arkansas rock) and only a little nephelite (less than in the 
other). No biotite was present, and only traces of apatite. 
This analysis, given in III of the table, is most remarkably close 
to that of the Magnet Cove jacupirangite in all respects, except 
the iron oxides. Indeed the figures for silica, magnesia, lime, soda, 
water, titanic acid and manganese are close enough to belong to 
duplicate analyses of the same specimen, and those for alumina 
and potash do not differ greatly. The higher iron oxides are 
of course connected with the more abundant magnetite, but, 
apart from this, the mineralogical composition is closely similar. 

The closest known analogue of these rocks is probably the 
pyroxenite of Brandberget, an analysis of which is given in IV 
above. The only noteworthy differences are in SiOI and FeJOs ' 
That of the former apparently conditioned the formation of 
nephelite in the Magnet Cove and Brazil rocks and plagioclase 
at Brandberget, while the higher ferric oxide of II and III is to 
be connected partly with the more abundant magnetite in the 
former. 

HENRY S. WASHINGTON. 

[To k cONti,nlttl.] 
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THE PRE-TERRESTRIAL HISTORY OF METEORITES. 

THE com pletion of the studies for students relating to the 
composition and structure of meteorites, which have recently 
been published in this JOURNAL, furnishes an opportunity for me 
to record certain deductions which seem to me warranted by the 
facts there presented, but which, being largely theoretical, had 
best be stated as the expression of individual opinion. 

That theories of the origin and cosmic history of meteorites 
have been propounded before, and that these have varied widely 
in character, the .present writer is well aware. These theories 
may be mentioned at the outset, together with the names of 
those who have given them special support, without, however, 
entering into any discussion of the merits of each. 

Meteorites have been declared to be (I) terrestrial matter 
discharged into space by the volcanoes of the earth and returned 
to it again (Sir Robert Ball); (2) matter discharged from 
the volcanoes of the moon (La Place, J. Lawrence Smith); 
(3) matter ejected from the sun (Sorby); (4) portions of 
shattered stars (Meunier); (5) P9rtions of a shattered planet 
(13oisse); (6) portions of comets (Newton); (7) clouds of gas 
or dust cemented and solidified by the action of the earth's 
atmosphere (Brezina). 

All of these hypotheses have been urged by men of eminence, 
each urging strong reasons for his views. These reasons can be 
learned by study of the original authorities, and the discussion 
of them in the present article is not a part of my purpose. I 
shall endeavor here simply to present my own views and my 
reasons for the same. 

The study of meteorites has shown that: 
I. The majority of iron meteorit~s are octahedral. 
2. The majority of stone meteorites are chondritic, and contain consider

able glass. 
3. Between iron and stone meteorites there is every gradation-they are 

formed of the same sort of matter. 
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The above statements would probably not be questioned by 
any authorities of the present day. The following, however, 
might not be agreed to by all : 

4. The substance of meteorites was in a solid state before the fall of these 
bodies to the earth. 

5. The structure of the majority of meteorites shows that their substance 
has cooled from a liquid or semi-liquid condition to that of a solid. 

6. The structure of the majority of iron meteorites shows that the change 
from a liquid or semi-liquid to a solid state has taken place slowly. 

7. The structure of the majority of stone meteorites shows that the change 
from a liquid or semi-liquid to the solid state has taken place rapidly. 

The four latter statements may then be briefly discussed, 
and important known objections to them stated. 

Concerning statement 4: It was suggested by writers in the 
early part of the last century that meteorites were concretions 
formed in our own atmosphere. Brezina inclines to accept this 
view with the modification that the substance of meteorites was 
extra-terrestrial, but that it arrived at the earth in the shape of 
gas or dust and was cemented or solidified by the earth's atmos
phere. To my own mind, the slickensided surfaces and veins 
exhibited by many meteorites afford sufficient contradiction of 
such a view, and compel the conclusion that the matter in which 
such structures occur had existed in a solid state for a con
siderable length of time before it reached the earth. 

Concerning statement 5: Several writers, but especially 
Daubree,' have expressed the conviction that the substance of 
meteorites gives evidence of having passed directly from a 
gaseous or vaporous state to that of a solid. The opinion seems 
to be based chiefly on Meunier's synthetic experiments, in which 
he succeeded in reproducing mineral aggregations having the 
composition of meteorites and somewhat resembling them in 
structure, by the inter-action of vapors.· But, as pointed out 
by Cohen,3 the absence of gas and vapor pores in meteorites 

I .. Observations sur les conditions qui paraissent avoir preside a la formation des 
meteorites," Comp!ts Rmdus, 1893, CXVI, pp. 345-7. 

·E"cydo~die Chimique, Tome II, .. Meteorites," chap. v. 

3Meleorilm-Ru"de, Heft I, p. 327. 
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argues against such an origin of their substance, and further, 
Fouque and Levy produced by cooling from fusion, mineral 
aggregates as closely resembling meteorites as those made by 
Meunier from vapors. Again, the crystalline structure of the 
minerals of meteorites perfectly resembles that of terrestrial 
minerals known to be produced by cooling from fusion. 

Concerning statement 6: That the complete crystalline 
structure possessed by the great majority of iron meteorites 
indicates a lapse of time sufficient for a slow, uniform arrange
ment of the molecules of their mass, in other words a slow cool
ing, has rarely been doubted. Such a conclusion certainly accords 
with all terrestrial experience and observation. It has been 
suggested by Cohen,' however, that the crystalljne structure 
expressed in iron meteorites by the Widmanstatten figures may 
be really a sort of skeleton growth, similar to that seen when 
needles of ice form over the surface of rapidly cooling water, 
and that hence the Widmanstatten figures may indicate a rapid 
crystallization. It is unfortunate that no attempt to reproduce 
Widmanstatten figures artificially in iron has ever yet succeeded, 
for if this could be done valuable evidence for judgment on this 
point could be secured. 

Taking the evidence as it stands, however, and especially 
taking into consideration iron meteorites like that of La Caille, 
whose structural features show a complete parallelism through
out a large entire mass, the indications seem to me to point 
strongly to slow crystallization. Certainly analogies between 
the formation of crystals in iron and in water should be drawn 
with hesitation. Iron is far more viscous than water and move
ment in it would take place slowly. Further, the crystalline 
plates of meteoritic iron differ in composition, showing that time 
must have elapsed for separation of ingredients as has not taken 
place in the ice formed upon water. 

Concerning statement 7: This opinion is based chiefly on 
the large quantity of glass found in most of the chondri tic 
meteorites, which, it is to be noted, make up by far the larger 

I Mtleoritt".ku"dt, Heft I, p. 326. 
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quantity of known stony meteoritic matter. Glass is known to 
indicate rapid cooling. Further, the character of the chondri 
themselves is such as to lead many students of the subject, 
notably Brezina and Wadsworth, tu believe that they are the 
result of rapid and arrested crystallization. The fact that 
chrysolite, the least fusible and therefore the earliest cooling 
mineral, forms the most chondri, lends support to this view. It 
must be confessed that the real origin of chondri is as yet very 
obscure and the theory above suggested is far from accounting 
for many of their peculiarities. Yet the facts above noted seem 
to me to argue more strongly in favor of a rapid cooling of the 
substance found in such meteorites than a slow one. 

If the arguments in favor of the above statements seem 
sustained, then the conclusion to which they appear to me to 
point is the following: Meteorites are portions of a disrupted mass of 
cosmic matter which had a spheroidal form, increased in dmsity 
toward the center, and cooled from a liquid or semi-liquid to a solid 
state before di6rupti01z. 

The application of this hypothesis to the subject in h~nd 
may perhaps best be traced by applying it in a reverse order. 
Given a defined quantity of liquid or semi-liquid. It will take 
the form of a spheroid, since this is the only form known in 
which a liquid mass would maintain itself in space. Its mate
rials would arrange themselves according to density. The iron, 
for example, would sink to the center, and the slag-like silicates 
rise to the surface, as they may daily be seen to do in a blast 
furnace,. or as a centrifugal separator assorts substances accord
ing to density. The exterior of the sphere owing to contact 
with the cold of space would be cooled with comparative sud
denness, giving the minerals of the surface a glassy, brittle 
character. The protected interior would cool more slowly, giv
ing the molecules of the metallic center an opportunity to 
arrange themselves in an orderly, crystalline fashion. In 
time, however, the globe becomes solidified from center to 
circumference. During the process of solidification, and later, 
many processes of disruption and adjustment go on as the 
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result of strains of various kinds, record of which is to be 
found in the structure of meteorites. Fissures will be formed, 
into some of which pasty metallic matter will be forced from 
below, and which will, in its passage up~ard, enclose angular 
fragments of the siliceous crust. Other fissures occurring only in 
the siliceous portion of the globe will give rise to the formation of 
quantities of angulat fragments, which will be cemented together 
again by pressure to form breccias. Such fissures would be com
paratively large, and affect a considerable area of the globe. 
Other minor fissures would form in ramifying networks, which 
would be filled by adjacent substance penetrating in a more or 
less liquid form. Differential movements of solid portions, 
without the existence of fissures, would produce slickensided 
surfaces. Finally, the progressive disruption of the body occurs. 
To produce this, two or three forces may be appealed to. In the 
first place, there is the familiar fissuring from shrinking and 
contraction as the body passes from the liquid to the solid 
state. It is perfectly evident that a certain amount of this is 
taking place upon the earth.' Meunier suggests further, that 
in the moon we can see this process extendc::d as much farther 
as the moon is more fully cooled than the earth, and he regards 
the well-known bright streaks of the moon as enormous fissures 
(rainures) showing a progressive disruption of its mass.2 While 
few probably at the present day would accept this interpretation 
of the bright streaks of the moon, there are numerous other 
indications that the moon is considerably fissured .. Meunier 
also points to the asteroids as an illustration of a dismembered 
heavenly body. 

In the second place, strains corresponding to the tidal strains 
of the earth would produce a constant disruptive effect; and, in 
the third place, the recent investigation of Professor Chamberlin,3 
has shown how the fragmentation of a small body may take 
place by near approach to a large one. 

Once the body is broken up, its fragments may be drawn out 

I See CHAMBERLIN, .. On a Possibl~ Function," etc., JOUR. GEOL., Vol. IX, No. S • 
• Cours d~ Glolog;~ C()mpar/~, pp. 258 ~t Uf/. 3 Op. fit. 
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into the form of a somewhat attenuated swarm or cluster. The 
possibility of the subsequent capture of single portions of such 
a cluster by the earth can hardly be denied. The character of 
the portion captured, in respect to its structure, density, and 
composition, then, will depend on the position it occupied in 
the globe of which it formed a part. 

That meteorites exist in such swarms in space seems very 
probable from a recent investigation of Hogbom.' Plotting the 
known meteorite falls according to the days of the year, he has 
discovered undoubted and significant groupings. Thus of the 
nine known howardites, three fell during the first days of 
August, and three during the first half of December. The 
probabilities are stated to be several thousand to one against 
such an occurrence being a mere coincidence. Again, of the 
three known eukrites two fell June 13-15. The chances are said 
to be ninety to one that these had a common origin. There 
are numerous other groups brought out on the chart so made, 
which seem to point to the existence in space of meteorite clus
ters met on the same date by the earth in its annual revolution. 
The probabilities seem sufficiently in favor of the existence of 
such clusterS' to warrant placing some reliance in the constitu
tion indicated for them. Thus with the group of August howard
ites previously mentioned are associated one siderite and three 
chondrites; with the December howardites, one siderite, one 
bustite, one chladnite, and a number of chondrites. The consti
tution indicated for these swarms resembles therefore, to a 
remarkable degree, that called for by the hypothesis here 
advocated, especially when it is remembered how exceedingly 
fragmentary must be evidence based on the few meteorites seen 
to fall. A similar constitution has been also exhibited at times 
in the substance of a single meteoric shower. A notable case 
is that of Estherville, which contained all gradations, from iron 
to stone meteorites. 

Two or three other points of evidence may be noted as tend
ing to show that, in such a globe as that assumed, the substances 

I Bull. Geol.I"sl. of lIre U"iversity of Upsala, Vol. V., Part I. 
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were arranged in order of their densities and that it had at some 
tim'e a hot interior and cold exterior. 

The first is drawn from our knowledge of the crystallography 
of iron. According to modern metallographists, iron occurs 
in three allotropic modifications known as alpha, beta, and 
gamma irons. When heated to a temperature not higher than 
7000 C., iron remains in what is known as the alpha state; from 
700 to 8600 C. it assumes the beta state, and from 8600 C. to 
the melting point, the gamma state. In cooling, from the melt
ing point, for instance, the iron does not necessarily return 
through these modifications, but remains in the state which it 
assumed at the highest temperature.' Now gamma iron crys
tallizes in octahedrons, while alpha and beta iron crystallize in 
cubes. The majority of meteoritic iron is plainly octahedral in 
structure. It is hard to escape the conclusion, therefore, that it 
has been heated to a temperature at least as high as 8600 c., 
and, further, that the cubic irons, some of which occur among 
meteorites, have been subjected to a somewhat lower degree of 
heat. The latter, it is true, must be cooled and reheated to a 
somewhat lower temperature than at first to have their structure 
accounted for on this theory. But this could quite reasonably 
occur, and their relative quantity is so small as to make them of 
minor importance. 

A second corroborative fact is that the carbonaceous 
meteorites are of exceptionally low specific gravity. Now the 
carbonaceous meteorites are those which contain hydrocarbons 
which could not exist under any high degree of heat. Such 
meteorites could not have experienced any sensible heating 
subsequent at least to the formation of these hydrocarbons. 
But the low density of these meteorites would place them, 
according to the hypothesis, on the outer surface of the sphe
roid, where, after the first solidification from cooling, little 
further heating would be encountered. 

A third corroborative fact is found in the existence of 
diamonds in the iron meteorite of Canon Diablo, a meteorite 

'F. OSMOND, 71u M~ta//ograP"ist, July, 1900. 
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which exists in qU=l.ntity amounting to several tons. Such 
diamonds have been produced by Moissan by heating to a high 
temperature iron saturated with carbon and allowing it to cool 
under pressure. This is exactly the process through which the 
substance of an iron meteorite 'would pass if formed according 
to the above hypothesis. The other meteorite known to contain 
diamonds, Nowo-Urej, is also one which would have formed not 
far from the metallic center of such a globe, as it cc:>ntains large 
metallic veins and by some is classed among the iron-stone 
meteorites. 

The hypothesis outlined above may ask the special attention 
of the geologist, on account of the suggestions it may offer 
regarding the history of the earth. If it be true that meteorites 
are fragments of a broken-up globe, it is not unlikely that they 
show to us, to some extent, the constitution of our own globe. 
Uniformity of cosmic matter has been indicated by all studies 
of meteorites, as well as by all spectroscopic inquiries into the 
chemistry of space. Uniformity of cosmic history seems there
fore probable also. 

I have shown in the studies previously referred to that 
meteorites chiefly differ in composition from the crustal terres
trial rocks with which we are familiar in having an excess of iron, 
nickel, and magnesium, and in being practically without free 
silica, oxygen, and water. Assuming that the earth, however, 
has passed through a history like that of the globe above 
hypothesized, the absence of iron, nickel, and magnesium 1 from 
its crust is explained by the conclusion that they have been car
ried within its interior by their density. They are therefore 
removed from our observation, except as occasional outflows such 
as that known in Greenland bring them to view. ·It is well known 
that the density of the earth as a whole requires that its interior 
contain matter of higher specific gravity than that with which we 
are familiar upon its crust, and it has often been suggested that 

I Magnesium is here referred to not as the element, which is relatively light, but 
as the essential constituent of chrysolite, which is of high specific gravity and forms 
some of the heaviest terrestrial eruptive rocks. 
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this matter may be iron and othe.r metals. The alternative sup
position is that the matter of the interior may be like that of the 
crust hut has become denser through condensation and pressure. 

The free silica 01 the earth's crust is readily accounted for 
if we remember that the rocks of the earth's crust have been 
worked over, while in meteorites they are seen in their primitive 
condition. When silicates are exposed to the action of carbonic 
acid for any length of time the bases change to carbonates and 
silica is set free.. It seems reasonable to suppose that the vast 
amount of calcium and magnesium now held as limestone was 
originally in the form of silicates. If the carbonic acid of the 
limestones should be withdrawn to the atmosphere, and th'eir 
bases combine with the excess of silica of the crust, rocks as 
basic as those of meteorites would probably be formed. 

Similarly, the lack of oxygen in meteorites may be only 
relative, and because much of the matter of which they are 
composed was in the interior, deep-seated and protected from 
gaseous action. The superficial. lighter siliceous portions of 
meteorites are found to be oxidized. It is reasonable to believe 
the earth's substance is not oxidized except for its superficial 
crust. It may be urged in support of the view that oxygen 
could not have been present where meteorites were formed that 
little or no oxygen is found among the free gases obtained from 
meteorites. But rocks do not seem to have the power of absorb
ing and holding oxygen as they do other gases. Terrestrial 
rocks do not contain it, although they hold hydrogen, carbon 
dioxide, and carbon monoxide in large quantities.· Yet there is 
no lack of oxygen in the earth's atmosphere. 

The absence of water from meteorites is an important gap 
in the parallelism of constitution of meteorites with that of the 
earth. In the gases hydrogen and oxygen, which it has been 
shown meteorites possess, a cosmic body has the elements neces
sary for the formation of water. Conditions of nascence, or 
possibly of electricity. might exist in a body the size of the 

'This fact is more fully stated by SIR JOHN MURRAY, Proc. Roy. Soc. 0/ Edi .. -
burK". r8Qo-r, p. 229. 

'See Studi~s, JOUR. GEOL .• Vol. IX, p. 402. 
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earth, which would lead to the formation of water from these 
gases, which might not prevail upon a body of smaller size. 
The chief reason, however, for the absence of water from 
meteorites seems to be the fact that the size of the meteorite 
spheroid was probably not sufficient to enable it to hold a 
quantity of the free gases competent to the formation of water 
or even to retain water vapor if it was once formed. The 
spheroid was probably as destitute of an atmosphere as the moon. 

I am well aware that an origin of meteorites from a shattered 
globe has been suggested before. Boisse was perhaps the first 
to do this,' but the idea was especially elaborated by Meunier,· 
who reconstructed from the various types of meteorites a hypo
thetical globe in which these types were arranged largely in 
accordance with their density. But the hypotheses of these 
authors were based purely on considerations of density, it being 
arbitrarily assumed that in a cosmic body substances would 
arrange themselves according to density. 

It was when a study of 'the structural characters of meteorites 
showed me that the substances had apparently arranged them
selves in the order of their density, and exhibited corresponding 
differenc,es of structure, that I was led to form the above h ypoth
esis; and it is perhaps worth remarking that I reached this con
clusion before I had seen Meunier's papers on the subject. 

It is not likely that the globes or spheroids, such as have 
been here hypothesized, were of large size. In the solar system, 
for example, there is no indication that the total disruption of a 
body anything like in size to a planet has ever taken place. 
Such an occurrence would produce effects more catastrophic in 
their nature than could be referred to matter so small in relative 
quantity as that which has within human experience reached the 
earth in the form of meteorites. Such globes would, perhaps, in 
their entirety, never come within human observation. But that 
there exists in space a vast quantity of fragmental matter beside 
that visible to us as stars, nebulre, and the bodies of the solar sys-
tem, there can be little doubt. OLIVER C. FARRINGTON. 

'lI/~",ojra d~ la Sodlll d~r I,ltr~s, scimus ~t arts d~ r Av~yro", Vol. VII, p. 168. 
• Cours d~ Giologi~ Compar/~. 

Digitized by Google 



EDITORIAL 

WITH this number we present to the readers of the JOURNAL 

two able articles on geologic classification and nomenclature. 
It is expected that these will be followed by others representing 
different points of view. In the opening numbers of the next 
volume we hope to offer a series of very carefully matured 
articles on the classification and nomenclature of minerals and 
rocks, by some of our foremost petrographers. It is hoped that 
these discussions will receive the thoughtful consideration of 
progressive geologists and petrographers. The importance of 
revising our present systems of classification and nomenclature. 
if systems they may be called, is equaled only by the impor
ta'llce of thorough preliminary scrutiny of the proposed substi
tutes, lest we impose on ourselves new systems scarcely less 
infelicitous than the old. A critical and deliberate circumspec
tion, attended by full discussion, may well be fonowed by the 
adoption of the improved systems. by those who have become 
convinced of their merits, if full liberty to follow the old 
practice is unreservedly accorded to the unconvinced and to 
the constitutionally conservative. It is doubtful whether we 
should try to force new systems into usage by legislative pro
cesses, but concerted adoption by those who have the courage 
of their cOllvictions will go far towards securing the desired end. 

T. C. C. 
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Zinc and Lead Region of North Arkansas. By JOHN C. BRANNER 

(Arkansas Geological Survey, Annual Report 1892, 396 
pp., Little Rock, 1901.) 

THE lead and zinc deposits of the Ozark region have received 
attention from the geological surveys of Arkansas, Missouri, Kansas, 
and the federal government. The United States Geological Survey 
and the University Geological Survey of Kansas will shortly have out 
reports on the subject. Missouri, through her geological survey, has 
already published an exhaustive account of the deposits in two large 
volumes, by Mr. Arthur Winslow. After delays of nearly ten years, 
Arkansas has at last seen fit to make appropriations for the publication 
of the report on the zinc and lead deposits of the north part of the 
state. It is by the former state geologist, Dr. J. C. Branner. • 

The publication of Dr. Branner's report has long been looked for
ward to by all interested in the subject of lead and zinc. In many 
respects it is the most welcome contribution to our- knowledge of the 
geology of the Ozark region that has yet been made. 

Preliminary to the consideration of the ores is a short description 
of the surface relief of the region, illustrated by an excellent photo
graphic reproduction of Branner's Reli,ef Model of Arkansas. The 
zinc and lead deposits described are located chiefly north of the 
Arkansas river. " The region here included under the name of Ozark 
plateau embraces nearly all of that part of the Ozark mountains within 
the state of Arkansas. It includes almost the entire region between 
the Arkansas river and the Missouri line, and between the St. Louis, 
Iron Mountain & Southern railway and the Indian Territory line. 
The Ozark region in Arkansas is made up of three plateaus that rise 
like ragged-edged steps one above another, each with a few outliers 
standing out upon the next step below." 

In order of their importance, the zinc ores of northern Arkansas 
are sphalerite, smithsonite and calamine, besides several other miner· 
als of zinc which do not occur in sufficient quantities to entitle them 
to be looked upon as ores. 
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The zinc ores are regarded as having been deposited by under
ground waters. Emphasis is laid on their accumulation along 
synclinal troughs and water-way breccias. "The details of the theory 
of the accumulation of the Arkansas ores along synclines and other 
water-ways were first suggested by field observations made in this 
region in 1889, and the whole theory has been much strengthened by 
subsequent work." 

According to their genetic relations there are three kinds of sul
phide ores: (a) the bedded deposits, which are contemporaneous 
with the rocks in which they occur; -(6) the veins and other fracture 
deposits in which the ores are of later age. than the accompanying 
beds, and (c) the breccia deposits not formed on fractures, but like
wise of later age than the accompanying beds. In addition to the 
sulphide ores there are carbonate and silicate ores, derived by altera
tion from the sulphides and forming genetically a fourth class. 

Regarding the origin of the bedded deposits, it is stated that they 
"have originated for the most part where we now find them." The 
cherts are made of silica of organic origin, that is, they were deposited 
over the sea bottom as silicious skeletons of diatoms or other micro
scopic remains of plants or animals. The zinc came from the adjacent 
'land areas of the period in which these beds were laid down. Upon 
entering the sea the zinc-bearing waters had their zinc contents pre
cipitated in the forin of sphalerite or zinc sulphide by the organic 
matter that contributed the silica of the chert beds. The zinc crystal
lized out while these silicious sediments were yet soft and yielding. 
In time the sediments hardened and formed the firm, flinty rocks and 
pressed closely about the zinc blende crystals. 

"The crystals of zinc blende, however, were not originally as large 
as we now find them in the disseminated ores, even where these crys
tals are no larger than a pin head. They were at first even micro
scopic, but, as Ostwald has pointed out, there is a tendency in such 
cases for the small crystals to pass into solution and to recrystallize 
upon the larger ones which grew at the expense of the small ones. 
In the bedded deposits this took place before the enclosing sediments 
were hardened." 

The vein deposits art: those occupying the spaces left by fractures 
in the strata. The ores are confined to the fractured zone and to its 
immediate walls. When the ore is found in the walls it seldom pene
trates them to any considerable depth, but is confined to small 
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fractures that seem to be parts of the great fissures. In appearance 
the fissure ores are not different from the bedded deposits. But they 
are stated to have a very different origin. The ores of this class have 
all been brought into their present position by solution, probably 
from the Ordovician bedded deposits. 

The question of the origin of the breccia ores "has been one of 
the most puzzling problems encountered in the zinc regions. The 
only theory for these formations that seems tenable is that of the 
apparently irregular masses of breccia, that is, the breccias not .upon 
fault and such like fractures, have been formed along ancient under
ground water· courses." 

One of the most suggestive points brought out in this considera
tion of the zinc ores is the relation of synclines to the presence of ores. 
Dr. Branner says: "If the hypothetical history here assigned the 
north Arkansas zinc ores is thus far correct, we are forced to conclude 
that the geologic structure of the region is of the utmost importance 
in the determination of the present distribution of the ores. In an 
elevated region of approximately horizontal or very gently folded 
sediments, the waters falling upon the ground and soaking into the 
earth tend to seek the bottoms of the synclinal troughs. The process 
of ore accumulation in such a region would therefore tend to carry the 
ores into the synclines. The rocks of the zinc region, although not 
far from horizontal, are gently folded. Wherever folds have been 
exposed in the zinc mines the bottoms and sides of these folds have 
been found richer in .zinc than the adjacent portions of the same beds. 
This is a rule to which I know but few exceptions. The inference 
seems to be warranted that the synclinal troughs should be located 
and examined for the richer zinc accumulations." 

Of exceptional interest at this time are the notes on the faults of 
north Arkansas. For the first time in the consideration of the zinc 
region something tangible regarding these structures and their char
acter is made available. The throw of the faults, though never very 
great, is sometimes four hundred feet or more. The character of the 
folds found in the vicinity of the faults is shown by numerous 
figures. 

The illustrations are unusually good. 
C. R. KEYES. 
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Texas Petroleum. By WILLIAM BATTLE PHILLIPS, Ph.D., Director. 
The University of Texas Mineral Survey Bulletin No I; 
102 pp., plates, maps. Austin, July, 1901. 

THE University of Texas Mineral Survey, organized in May, 1901, 
with Dr. William B. Phillips of the university as director, establishes 
a new record for expeditious work in official geologic investigation by 
the timely appearance of this volume on a subject which is attracting 
much attention within the state and without. 

An historical account of the development of the Texas oil fields is 
followed by a chapter on the nature and origin of petroleum, and 
other chapters on the oil and gas-bearing formations and the utiliza
tion of Texas oils. 

The Paleozoic formations are not known to hold oil or gas in com
mercial quantities. The Cretaceous formation, more specifically the 
Corsicana field, has furnished practically all of the oil which has been 
produced until the current year. This field has a well-defined extent 
of from two to three miles in width by six and one-half miles in length 
in a northeasterly direction. The oil is reached at a depth of 1,050 
feet in a soft, gray, foraminiferal shale. In July, 1901, there were 603 
producing wells, with an average daily output of about 3,000 barrels of 
oil worth 70 cents per barrel. The production of oil in Texas for 
1899 was 669,013 barrels, while that for 1900 was 836,039 barrels, 
almost all coming from this field. The Corsicana refinery has a capac
ity of 1,500 barrels of crude oil daily. Half the output consists of 
gasoline and kerosene, the residuum being marketed as fuel. 

In the Tertiary, the Nacogdoches field was the first to be discovered, 
dating from 1867. The oil is found in Eocene strata at depths of 70 
to ISO feet, and is a heavy lubricating oil with a high boiling point 
and non-gumming qualities. No oil has been produced in this region 
since the early part of 1900. 

The Beaumont field has been the center of attraction since January 
10, 1901, when the famous Lucas" gusher" was brought in. In July, 
1901, there were fourteen producing wells all within an area 1,000 by 
2,000 feet on Spindle Top Heights, a low ridge lying about four miles 
south of Beaumont. The ridge is about one mile wide and two miles 
long in a northeasterly direction and reaches a maximum elevation 
of 30 feet above the surrounding prairie. Wells outside the proven 
area are dry. It is presumed that the ridge marks an anticline, though 
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the structure is not yet known certainly. Concerning the fabulous 
production of the gushers, no definite figures can yet be given, but the 
production is unquestionably large. Pipe lioes connect the field with 
tide water at Sabine Pass and Port Arthur where refineries are in pro
cess of construction. In quality the oil is a heavy fuel oil, the price 
of which, in July, 1901, varied from 20 to 40 cents per barrel. 

In connection with the origin of the oil, an investigation was 
made of the so-called .. oil ponds," certain quiet spots in the Gulf 
near Sabine Pass and popularly supposed to be caused by oil escaping 
from submarine springs. The areas were found to be over extensive 
b~ds of black ooze. The examination of samples of this ooze disclosed 
the presence of sulphur and of diatoms containing oil globules, but of 
no free oil except such as manifestly came down from the overflow of 
the Beaumont wells. Sulphur deposits occur over the Beaumont oil 
horizon. The possible analogy of the present conditions to the condi
tions prevailing when the Beaumont oil-bearing formation was depos
ited is suggested as well as the possible connection of diatoms with 
the oil production. 

The report is well printed and illustrated with a number of photo
graphs of characteristic scenes in the different fields, including several 
of the" gushers" in action, and is in all respects a worthy inauguration 
of the new survey. 

C. E. S. 

Lessons in Physical Geography. By CHARLES R. DRYER. Ameri
can Book Co.: New York, Cincinnati, and Chicago, 1901. 

This text-book of high-school grade covers the field of physical 
geography from the modern standpoint. It has several characteristics 
for which it deserves recognition as more than a mere variation of 
what has already been accomplished in other books. It is, first of all, 
a very concrete presentation of the physiographic principles which 
have recently come into prominence. Thirty-four pages are given to 
three typical river systems, the Mississippi, the Colorado, and the St. 
Lawrence, and thirteen pages to the drift sheet of North America, 
beside the general treatment of glaciers_ The chapters which are 
devoted to more general subjects also abound in descriptive examples 
and pictorial illustrations. In the second place, the book has a large 
number of illustrations which are new to text-books; many of these 
are drawn from Indiana and neighboring states and will be welcome 

Digitized by Google 



REVIEWS 

to teachers as showing that the modern science of physiography does 
not rest on a few classical examples. The book ·Ieaves the very whole
some impression that the United States abounds in valuable illustra
tions which are l:et unknown to text-book literature, the bringing 
forward of which depends largely upon teachers who are working in 
their vicinity, just as Mr. Dryer has sought out those of his own state. 
The arrangement of the book is good for those who may wish to follow 
the author's own order and convenient for those who do not. The 
suggestions on method, both in the" Realistic Exercises" apd in the 
appendix, are helpful. The teach~r is introduced ~o ~any of the val
uable materials which are now available for this study. A good bibli
ography . is given. The author is plainly in touch with the most 
recent work in his science. A few statements or suggestions in geol
ogy do not take into account some of the recent work. A sentence 
on p. 48, despite previous cautious statements, implies the belief that 
iso~tacy alone may support the earth's broad plateaus. On the same 
page the wrinkling of the earth's crust is ascribed solely to cooling of 
the interior. A faulty impression of slate would be left by the men
tion on p. 32. Under" Causes of Glacial Motion," three theories ar:e 
mentioned: plastic flow, regelation, and alternate melting and freez
ing. Processes which in recent studies have become more prominent 
than these are not mentioned. The too general and perhaps mislead
ing contrast between the" older drift" and the" newer drift" are not 
due to any lack of information on the author's part, whose familiarity 
with the complexity __ ift problems is shown both in this and other 
writings. An unfortunate' expression on p. 135 would leave the 
impression that the Great Basin as a whole is actually a basin with a 
rim. The mention of" subordinate basins" serves to emphasize this 
error. Small shortcomings like those mentioned here are but rare 
exceptions in this very good text-book. In its characteristic qualities 
the book not only meets the general demands of good science and 
good teaching, but is well adapted to the particular needs of the pres
ent time. 

N. M. F. 

Some Note.s Regardi1lZ Vaerda/,· Tlte Great Latld.s/ip. DR. HANS 

REUSCH. Norge.s ge%gi.ske Utlder.siigel.se ,. Aarbog for 1900. 

THIS complete and well illustrated note, which Dr. Reusch has 
summarized in English, recounts a very remarkable landslip.. The 

Digitized by Google 



REVIEWS 

level surface into which the river Vaerdal has cut a steep-sided valley 
is an upland of stratified marine clays, deposited during a submergence 
of the Norway coast since the Glacial Period. Within these clays was 
a great mass of "quick clay" not constituting a definite stratum but 
existing, probably, in more or less definite lenticular masses. A small 
side stream, the Folio, had cut a short gorge into the quick clays, giv
ing the latter an exit to the main valley. On the night of the 19th of 
May, 1893, a volume of this semi-fluid clay, estimated at 55 million 
cubic meters, escaped into the larger valley, inundating it to the extent 
of eight and one half square kilometers. The collapse occupied one 
half hour and the advancing front of the mud traveled five or six kilo
meters in three quarters of an hour. Some of the inhabitants were 
rescued from the roof of their house after sailing three and a half 
miles on the river of mud. Over a part of the area the upper layer 
of clay was firm, and, with the overlying turf, constituted a crust suf
ficiently strong to remain intact while the quick clay flowed out from 
beneath. Parts of fields bearing trees were thus dropped vertically 
downward, leaving the trees standing erect at the lower level. The 
v~rtical distance through which the surface fell is not given, but the 
pictures represent it as many meters and the sides of the pit as quite 
sheer in many places. The author gives a note, also, on a similar 
but smaller lands lip which occurred on the 16th of August of the same 
year in the valley of the small stream Graaelven. The finely banded 
marine clays concerned in this slip are made the basis of a time esti
mate. Their thickness is taken at fifty meters, and they consist of 
alternating dark and light layers. On the supposition that one dark 
layer and an adjacent light layer were deposited in one year, the time 
consumed in their deposition is estimated at 4,000 years. The propor
tion of post-glacial time which this represents is not estimated. 

N.M. F. 

Geological Map 0/ West Virginia. Second edition. I. C. WHITE, 
State Geologist. Published by West Virginia Geological 
Survey, Morgantown, W. Va. 

THE Geological Map of West Virginia, first .published in 1899, has 
recently been revised and new features added. The map shows in 
separate colors the three great coal formations of West Virginia, viz., 
the New River or Pocahontas, the lowest; the Allegheny-Kanawha 
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series in the middle; and the Monongahela or Pittsburg (Connellsville) 
at the top. Two features not shown on the original map have been 
added in this edition, viz., the prominent anticlinal lines, and the 
locations and names of every coal mine in the state shipping coal by 
rail or river, up to July IS, 1901, the approximate locations of the 
mines being indicated by numbered black dots, and the corresponding 
names and numbers printed on the margin of the map by counties. 
The map shows also oil and gas developments of the state, and should 
prove of much use to those interested in these subjects. Copies may 
be purchased (50 cents) from the West Virginia Geological Survey, 
Box 448, Morgantown, W. Va. 
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THE FOYAITE-IJOLITE SERIES OF MAGNET COVE: 
A CHEMICAL STUDY IN DIFFERENTIATION. IL' 

DISCUSSlON. 

IN the table below are given the chief molecular ratios of 
those analyses of the Magnet Cove rocks which I am led to 
believe are the most reliable and representative. There are also 

SiO •.................. 
TIO •.............•.... 
Al.O •................. 
(FeO) ................. 
MgO .....•............ 
CaO ..•...•.•.......... 
Na.O .... : ..........•. 
KIO •••••••••••••••• 0 

MOLECULAR RATIO 
SiO •.................. 
TiO •.................. 
Al.O •..............••. 
(FeO) ................. 
MgO .................. 
CaO ................... 
Na.O .•............... 
K.O .................. 
NalO 
K.O 

.... .... .... ... 
Specific Gravity ........ 

I. Iacupi[l!ngite. 
II. Biotite IjoHte. 

III. Ijolite. 
VI. Arkite. 

I 
I 

38.39 
4·54 
7·05 

14·33 
11·51! 
19·01 
0·74 
0·75 

.640 

.055 

.069 

.199 

.290 
·339 
.012 
.008 

1.50 

3.407 

I Continued from p. 622. 
Vol. IX, No.8. 

II 

--
38.93 

1.62 
15·41 
8·1!3 
5·57 

16·49 
5·27 
1.78 

.649 

.019 

.151 

.123 

.139 

.294 

.085 

.01 9 

5. 00 

2.769 

III I IV V VI VII VIll 

41.75144.40 
--------
49·70 53. 09 68.13 60.20 

0·58 I 1.53 1.33 o. II I. 15 0.14 
17.041 19 ·95 18·45 21.16 20.03 20·40 
9. 04 7.4 1 7·37 3·74 3·45 3·44 
4·71 1.75 2·32 0·32 0·76 1. 04 

14·57 8·49 7.91 3·30 0.87 2.00 
6.17 6.50 5·33 6.86 6.30 6·30 
3.98 3.14 4·95 8.42 5·97 6.07 

.696 ·740 .828 .885 1.002 1.003 

.007 .0.18 .015 .001 .01 4 .002 

.167 .196 .181 .207 .196 .200 

.127 .082 .102 .052 .048 .048 

.II8 .044 .058 .008 .019 .026 

.260 .152 .141 .059 .015 .036 

.098 .105 .086 ·I17 .100 .102 

.042 .087 .053 .090 .061 .065 

2·33 I. 21 1.62 1.30 1.64 1.57 

3. 084 2·770 2·599 2·557 2.642 

V. Covite. 
VI. Fovaite, Diamond 10. 

VII. Pu"laskite, Braddock's quarry. 
VIII. Pulaskite, Type, Fourche Mt. 
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inserted the figures for my two analyses of the Fourche Moun
tain rocks, which, although somewhat distant from Magnet Cove, 
undoubtedly belong to the same general regional magma. To 
render the diagrams less complicated the iron oxides are calcu
lated together as (F eO). 

CaO 

(YeO) 

.600 I II III IV V 

DIAGRAM I. 

....-r------_ AI.O. 

Na.O 

K.O 

~~~~=-----~(Y~) 

VI 

CaO 
Me<> 

VIII 1050 

It has already been explained that at Magnet Cove the 
arrangement of rocks from center to periphery is regularly serial, 
from basic to intermediate, i. e., from II to VI. If, therefore, 
the analyses are plotted according to Iddings's method, using the 
silica values for the abscissae, the diagram will represent in a 
general way the variation of this particular magma in space. 
This was done in my former paperl for the earlier analyses, and 
the results of the present investigation are shown in Diagram I. 

I H. S. WASHINGTON, op. ci/., p. 404. 
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Comparison of the two shows that the curves, or rather zig-. 
zag.i, are much alike even though the analyses of (and con
sequently the abscissal positions of the figures for) arkite are 
different in the two. At the same time the new diagram is 
markedly more broken, and varies less regularly and con
tinuously than the former. The regularly serial character of 
the first is thus apparently diminished, and what it was thought 
would be an excellent example of regular differentiation seems 
to turn out rather the contrary. 

But, as Pirsson justly remarks, the use of SiOI for the 
abscissae is arbitrary, and, since this is one of the most impor
tant rock ingredients, its variation should also be shown in a 
manner directly comparable with those of the other oxides. 

It would seem to be undeniable that this is a legitimate, 
indeed a most logical, method if the differentiated mass has not 
suffered disturbance and if circumsfances permit the determi
nation of the correct distances of the various differentiates from 
the center, since the diagram then f(:presents, not only the com
positions of the various phases, but their actual relations in 
space, both as to direction and as to relative position. 

It often happens, as apparently at Magnet Cove, that the 
successive differentiation products are sharply separated from 
each other, transition forms being either lacking or very small 
in amount as compared with the main types. To correspond 
then with the actual state of affairs, the diagram should consist 
of steps, i. e., horizontal lines of a length equal to the breadth of 
each zone, at the respective ordinal positions for each oxide. 

Since, however, the analyses may be assumed to represent the 
average composition of each differentiation product, and we 
desire~o study the course and the laws of differentiation, it is 
legitimate to represent the position of each constituent by a 
point, and the lines connecting these will therefore express the 
course of the differentiation of the mass of magma, even though, 
as an actual matter of fact, all the possible gradations repre
sented by the curves may not be present. Such a procedure is 
quite in accordance with the general practice in chemical and 
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physical research, and this point is mentioned only because such 
methods have, as yet, found little application in petrography. 

I n order to construct the curves two important field data are 
required; the position of the center of the mass or area, and the 
relative distances from this of the various types analyzed. 

By center is meant that of the innermost petrographic zone 
or core, not necessarily the geometrical center of the mass, as 
this petrographic center may be conceivably geometrically 
eccentric. Since, in many cases, as here, we have only one sec
tion, a horizontal one, this point is not necessarily the center of 
the mass, but rather its epicenter, to use the seismological term. 

Since the area of Magnet Cove forms a fairly regular ellipse 
with axes of about 5 and 3 kilometers, the center of the igneous 
area is easily determined. Its position is marked approximately 
by the Baptist church,' which lies in the small central exposure 
of biotite-ijolite. Inasmuch as we do not know whether the 
plane of the present exposed area cuts the mass centrally or 
above. the center, we cannot tell whether the central point of 
this is the true center of differentiation or not. It is probably 
not so. But as far as the types exposed are concerned this is of 
little moment, as their mutual relations would remain the same, 
or approximately so, in any case. 

Having determined the center the next point is to determine 
the distances of the various types from this. It is obvious that 
for the proper plotting of the curves, and hence the study of the 
course of differentiation, this is of great importance, since the 
points which determine the various curves will be shifted in one 
direction or another according to the distances selected. This 
would alter very materially the slope of the curves, and even 
their character or shape, as by the shifting of the abscissal posi
tions a straight line will become a curve, or a simple curve of the 
second degree may assume the form of an inflexed one of the third. 

At Magnet Cove we cannot determine the abscissal positions 
by simply measuring the distances from the center to the par
ticular spots where the analyzed specimens were collected, 

• Cf. the maps in papers already cited. 
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because, owing to the elliptical shape of the area, a specimen 
(e. g., covite) from near the end of the major axis may be at an 
actually greater distance from the center than one (t.g., foyaite) 
from the end of the minor axis, though genetically inside the 
latter. 

It would, of course be best to have several analyses of each 
type from different parts of the zones, both radially and circu
larly, so as to get 'the mean composition of each. But as that 
involves the making of very many analyses, we must be content 
at present with selecting what seem to be representative speci
mens, and assume that their analyses correspond to the average 
composition of each type, 

Assuming this, two courses are open to us. We can either 
measure the distances from the center along a radial line on 
which all occur, or average the distances of the various occur
rences of each type, The latter has been the process adopted 
here, since it seemed more likely to eliminate errors due to local 
conditions. 

Fo, each type measurements were made on Williams's map in 
many directions from the Baptist church to the middle point' of 
each zone exposed, and the mean of t.hese taken in each case. 
On the diagrams the abscissal positions of III, IV, V and VI, 
from the origin at II represent these relatively, as it is not nec
essary that the diagrams be of the same scale as the map. The 
position of the foyaite (VI) is not fixed as accurately as those of 
the others, since, being at the periphery, it is in great part over
laid by the surrounding shales. Small outcrop3 outside the 
main area, however, allow a rough estimate of its average dis
tance, though it undoubtedly extends farther away from the 
exposed area than the few outcrops indicate. 

In my former paper I assumed that the petrographic center 
of the area was in the" magnetite bed," and that this was the 
result of the decomposition of underlying jacupirangite. As, 
however, this is quite uncertain, it seems best for the purpose in 
view to disregard this area. For the present then the analysis 
(and the diagram position) of the jacupirangite may be neg-
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lected. The same is true of the pulaskite analyses, these rocks 
lying quite outside the Magnet Cove area. All these rocks will 
be discussed subsequently. 

We thus obtain the result shown in Diagram 2, where the 
points are connected by straight lines. In this, and the follow
ing, the vertical scale for SiO. begins .400 lower than the others, 
so as to condense the diagram and at the same time preserve 

SiO. 

~~==~~~~~~~~ Na.ol_ 
K.O 
~ __________ ~ ________________________ ~ ________ -L~MIO 

II III IV V VI 
DIAGRAM 2. 

the relative forms of all the curves (given later), and not flatten 
that of silica, as would be done if a smaller vertical scale were 
used for this than for the other constituents. 

When Diagram 2 is examined it is clear that, with the 
exception of the values for covite (V), all the points of the 
respective oxides lie along very smooth curves. For con
venience in further discussion the curves formed by the figures 
for II, III, IV and VI are plotted separately in Diagram 3. The 
values for V (covite) are entirely omitted from this, and the 
position and relationships of this rock will be discussed later on. 
The curves marked F and M will also be explained presently. 
All the curves, it may be mentioned, were drawn with a spline, 
so that the personal equation is eliminated as far as possible. 
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Within the limits from II to VI the curves are simple, that 
of SiO g alone showing inflexion about at the center of the dia
gram, rising sharply toward the right (acid end) and falling 
gently toward the left (basic end). Most of the curves are quite 
flat, especially those of AlsOs' NallO and KilO, which approx
imate straight lines. At the same time they are all distinctly 

" , , , 

F 

DIAGRAM 3. 

, 

curves and not strictly linear. I It will be remembered that 
Pirsson' says that all of the lines of his diagram should prob
ably be drawn as very flat curves (much flatter than these), and 
these observations are in accordance with the conclusion of 
Harker,3 that strictly linear series of rocks are of rare occur
rence. 

With the exception of SiO II' which is inflexed and that of 

I This is best seen in the large-scale drawing from which the diagram is repro
duced. 

'L. V. PIRSSON,Op. cit., p. 571. 

3 A. HARKER, JOUR. GEOL., Vol. VIII, p. 392, 1900. 

, , , , 
SiO, 
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Al,Os' which is almost a straight line but slightly convex,' all 
the curves are concave' (toward the bottom). 

The curves divide themselves naturally into two groups, 
according to general direction. Those of SiO., Al.Os ' NasO 
and KsO ascend toward the right (the periphery), the three last 
almost arithmetically. It will bt: noticed "that the K.O curve 
ascends more rapidly than that of Na.O to a point a little to the 
right of IV, when it drops a trifle more rapidly. This is expressed 
in the series of the ratios of these two oxides, already given in 
Table I. The second group is that of (FeO) , MgO and CaO, 
which descend toward the right, and at a greater rate than those 
of the other group rise, SiO. excepted. " 

It may be noted, by the way, that if TiOa be plotted with 
Sia"~ the curve of the sums of the two becomes rather more flat 
(especially about IV), and the inflexion at the left is" almost 
overcome. For facilitating this observation I have put the 
molecular ratios of TiOa next to those of SiO Il in the table, 
though it would complicate the diagram unnecessarily to put in 
this joint curve. This seems to c.onfirm the general belief that 
TiOs plays the part of an acid radical, like SiO s ' in rock magmas. 

The general results can be concisely shown by plotting the 
sums respectively of the "ascending" and the "descending" 
oxides, except silica. We then get the two curves F (that of 
AlIJOs' NasO, KIIO) and M (FeO, MgO, CaO), on the line of 
which all the determining points fall very exactly. They are 
both decidedly concave, Fascending and M descending, and their 
smoothness and regularity are very striking. 

These results are in strong harmony with those of Pirsson, 
and the general characters of the curves in each diagram are very 
similar, though there are some differences in detail. Thus all 
his curves are much flatter, the SiOI does not show signs of 
inflexion, and the AliOs is concave and KIO convex, while in 
mine these two are reversed. But these are small matters, pos
sibly due to the abscissal distances at Yo go Peak nofbeing as 

• The terms convex and concave will be understood as referring always to the X 
axis, the bottom of the diagram. 
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easily ascertainable as at Magnet Cove. The general conformity 
of the two is very good evidence to show that, if plotted accord
ing to their spacial (i. e., genetic) relations in the mass, the 
analysis of the components of an igneous complex will furnish 
regular curve. This fact is almost proof positive of the view 
that the variation of rocks is due to differentiation of some 
sort. 

Whether this differentiation is always as is now believed, 
viz., that the oxides of AI, Na and K tend to segregate in one 
direction, while those of Fe, Mg and Ca segregate in another, as 
well as the process by which these changes are brought about, 
are separate questions, which further investigation must settle. 
It may be that the general course indicated by the diagrams of 
Pirsson and myself are typical of all rock differentiation, or it 
may be that with magmas of different character the course of 
differentiation may be radically different, and that the same 
oxides do not always tend to go together. 

At any rate, it may be confidently expected that where a 
mass of magma has been differentiated in situ and is of approxi
mately regular. shape, has not been subjected to secondary dis
turbing conditions, and the exposures sufficient, we can express 
the relations of the differentiation products and the course of 
differentiation mathematically, as has been done in these two 
instances. Of course, for this purpose, it is absolutely essential 
that the analyzed specimens be representative, and that the 
analyses be complete and accurate. Otherwise the curves will 
be misleading or else uneven zig-zags, only rough approxima
tions to the truth, and possibly not even that. There must also 
be present at least three differentiates, as otherwise only straight 
lines connecting the two can be drawn. 

The fact that the Sial! curve is the only one which is inflexed, 
and that it runs very sharply up toward the acid end, leads to 
some interesting conclusions. Since, toward the acid end, the 
curves of (FeO), MgO and CaO drop much more rapidly than 
those of Al.Os ' NasO and KlIO, it is evident that at a short 
distance to the right (in other words with a slight increase in 
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silica), they will practically disappear if the differentiation con
tinues as indicated by the body of the diagram. Further differ
entiation in this direction then would lead to the production of 
a purely feldspathic or feldspathoidal rock. If continued still 
further quartz (free silica) would appear and the rock become 
aplitic in character. Finally, since the silica is increasing at a 
rapid geometrical rate, while the other constituents are drop
ping, the extreme result of differentiation in this direction would 
be pure quartz. 

This inference is obviously in line with the experiments of 
Barus and Iddings' which indicated that in igneous magmas 
SiO~ plays the role of electrolytic solvent, analogous to that of 
H II 0 in aqueous solutions. This result is also in harmony with 
the experiments and conclusions of Lagorio· and Morozewicz,3 
who come to the conclusion that the predominant magmatic sol
vent is composed of silica and alkalis, and that it has the power of 
dissolving large amounts of alumina. The results obtained above 
would indicate that alumina itself is an essential constituent of 
the solvent, and it would also seem that there need be no stoichio
metrical ratio between the four constituents. As has been 
indicated above, however, it will not do to push conclusions too 
far from such meager data, and it is by no means necessary to 
infer that a rock solvent of this character is the only possible 
one. But it will be as well to defer all discussion of these topics 
until more complete data are av:tilable. 

The comparative rarity of occurrences of purely or very 
highly siliceous igneous rocks may presumably be ascribed to 
the fact that long before this phase of differentiation has been 
reached, the mass will, in most cases, have become solid (owing 
to the high melting point and great viscosity of such mixtures), 
and hence incapable of further change in this way. 

It is of interest to note in this connection that a specimen 
of "aplite" has been collected by Dr. Weed, and is now in the 

I BARUS and [DOINGS, Am. Jour. Sci., Vol. XLIV, p. 248, 1892. 

• LAGORIO, Mitr. Pel. Mil/Jr., Vol. VIII, p. 508, 1887. 

3 MOROZEWICZ, Mitr. Pel. Millh., Vol. XVIII, p. 235, 1899. 
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United States Geological Survey Reference Collection (No. 813). 
It is of a small dike, about one and a quarter inches wide, cutting 
the shale near Neusch's gulley, which it has metamorphosed. 
I am indebted to Dr. Ransome for the examination and descrip
tion of this specimen which he sent at my request. II Under the 
microscope, the dikelet is seen to consist almost wholly of cloudy 
alkali-feldspar, with no quartz or nephelite, and a little biotite. 
With high power, the feldspar (between crossed nicols) all shows 
the fine shadowy striping indicative of a soda-bearing feldspar." 
Two garnets also occur at the borders of the dike. The occur
rence of this aplite dike is clearly corroborative of the view of 
the course of differentiation which has been just expressed, and 
it is probable that further search would reveal others which have 
heretofore escaped notice. 

Turning to the other end of the diagram, there is good 
ground for the belief that there must be inflexion upwards of 
one or more of the curves beyond II to the left. If the curves 
are extrapolated to the left, at a distance, let us say, equal to 
that between II and III, the sum of the constituents reduced to 
precentages amounts to only 55.6. 

It is obvious therefore, either that some other component of 
the magma than any of those plotted is greatly concentrated at 
the basic end, or else that the curves of one or more of the 
plotted constituents must run very sharply upward, thus causing 
inflexion. 

In the former case a probable additional constituent would 
be P:l0S' which would yield, with high CaO, MgO and (FeO), 
an apatite-rich pyroxenite like that of Ahvenvaara in Finland,' 
or with disappearance of SiO~,. an apatite-magnetite rock like 
that of Alno." If TiOa should be the constituent to assume 
extraordinary proportions toward the basic end, we would expect, 
with disappearance of SiO I!' titaniferous magnetites, or such rocks 
as the magnetite-perofskite rock of Brazil, described by Derby.3 

I v. HACKMAN, Bull. COlli. G/o/. Fin/., No. XI, p. 36, 1900 • 

• Cf, ROSE~BUSCH, E/mll!n/~, NO.3, p. 133, 1898. 

30. A. DI!:RBV. Ntuts Jahr6., 1894, Vol. II, p. 297. 
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Such products are, however, very exceptional, and are only 
to be expected in cases of very complete differentiation. In 
general we would only' look for sharp upward inflexions of the 
(FeO) and MgO curves, which would yield, with the slowly 
dropping silica and the high CaO, a pyroxenite rich in magne
tite. This is just the character of the jacupirangiteof Magnet 
Cove (I), and of those of Brazil and Alno, and I have indicated 
its connection with the others accordingly by the dotted lines to 
the left. 

Inasmuch as the specimens of this come from a small iso
lated mass outside the main area, its relations to the other types 
are uncertain, and its diagrammatic position has been given on 
the basis of its silica content. It seems to be probable that if, 
as is likely, such a rock is connected genetically with the others, 
its abscissal position should be considerably more to the left. 
As this rock is met with in the immediate vicinity of the main 
area, and is a theoretically possible differentiation product of the 
magma, it seems reasonable to assume that the section at Magnet 
Cove cuts the mass some distance above the center, and that 
below the biotite-ijolite is a core of jacupirangite, as previously 
supposed. 

It is obvious from the theoretical discussion, as well as from 
observations here and at similar regions, that the relations toward 
the basic end. are far more complex than at the acid end. This 
arises from the fact that the oxides involved here are capable of 
more numerous mineralogical combinations, and also because 
elements which are only present to a small extent in the body 
of the magma may here assume proportions of great impor
tance. The fact that these extreme basic differentiation prod
ucts are far more common than the purely siliceous ones may 
be ascribed to the greater fusibility of magmas of a basic charac
ter, and the consequent possibility of differentiation among 
them at temperatures when the more acid end of the series is 
solid. 

In this connection attention may be called to the fact, 
analogous to the segregation of TiO I and PliO 5 at Magnet Cove 
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and Brazil, that in large steel castings, such as those for modern 
artillery, etc., there is a very marked concentration of .. impuri
ties," as phosphorus and sulphur, toward the center of the mass. 

As all the curves are so smooth and well defined, it seems 
highly probable that equations for them could .be found and that 
their properties as such could be discussed. In this way we 
could get at an exact knowledge of the law of differentiation, 
in this particular case at least. It is a matter of regret that I 
am not mathematician enough to do this, but there are other 
applications of the data at hand which are capable of simple 
mathematical treatment. 

Since the area of Magnet Cove is a fairly regular ellipse, and 
the zones of the various types are concentric about the center, 
by taking the average distance of each we practically reduce the 
ellipses to circles, the average distances being the radii. 

Now, since II is at the center, if we suppose Diagram 3 to 
be revolved about the vertical line at II as an axis, it follows that 
the solids of revolution so generated by each of the curves (with 
the bounding lines at the sides and bottom), will represent the 
amount of each oxide in the original magma, and that their sum 
will represent the composition of the magma as a whole, before 
differentiation. 

This is not strictly true, since we are ignorant of the exact 
shape and extent of the complex, but as a first approximation. 
and an illustration of the method, it will be of interest to calcu
late the results which are obtained on this basis. As a matter of 
fact, the recent description of the Shonkin Sag laccolith by 
Weed and Pirsson 1 renders it extremely probable that the foyaite 
is present in far greater relative amou'nt than the surface expo
sures indicate. This would necessitate a very considerable cor
rection, but, as we have no means at present of estimating this, 
it will be as well to give the figures based solely on the field 
observations, leaving possible corrections for the future. 

The process of calculating the various volumes is very simple 
in theory, but somewhat complicated and laborious in practice. 

'WEED and PIRSSON, Am. Jour. Sci" Vol. XII, p. I, 1901. 
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As it is a somewhat new departure in petrography it may be of 
use. to others to outline the method which I have employed. 
The curves shown in Diagram 3 were plotted on paper ruled in 
inches and tenths. The particular scale is simply a matter of 
convenience, and it is not necessary to reduce the percentages to 
100, as we are dealing with relative amounts. 

The formula employed is well known, being the second of 
Guldin's theorems, viz., the volume of the solid generated by 
the revolution of a closed curve or plane figure about an axis in 
its plane, but exterior to itself, is equal to the product of the 
area of the generating curve into the path described by the cen
ter of gravity of the revolving area. 

V 27rrA, 

where V is the volume, r the distance from the axis to the center 
of gravity, and A the area of the plane figure. 

The areas of the curve, i. e., of the space embraced within the 
curve itself, and the limits of the diagram, are easily found, 
either by counting the squares, or by calculation of the area of 
the trapezoids formed by the respective chords and the limiting 
lines, and addition to these of the areas embraced between the 
chords and the curves. 

The centers of gravity are found by dividing the trapezoids 
into two triangles, and finding their centers of gravity, when the 
·center of gravity of the trapezoid will be at the intersection of 
the line connecting the centers of the two triangles and one con
necting the middle points of the two parallel sides. In the 
case of the more curved lines a correction must be made for the 
area between the chord and the curve, but this will always be 
small. SiOI was regarded as composed of the large rectangle 
from .400 below the bottom of the diagram to .249, and the 
space between this upper boundary and the inflexed curve. 

The resultant volumes, being based on the molecular ratios, 
have to be multiplied by the molecular weights of the respective 
oxides, in order to arrive at the percentage composition of the 
whole. In this way I obtained the following fig!lres, which are 
given in full to illustrate the method. 
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I I I Percenl"lle 
MOL. RAno 

A r V V X mol. wI. 
Found. Calc. 

---- ----
SiO ..... ~ 5 1306.2 

~ 905 ·787 ·787 203·4 
Al.O •..... I 375·7 383 .196 .201 
(FeO) ..... 181.0 130 .094 .074 
MgO ...... 107·4 42 .056 .029 
CaO ...... I 356.1 199 .185 .117 
Na.O ..... ,. I 4. 1 208.6 12933.2 6.75 . 109 .110 
K.O ...... 8.8 4·75 134·2 12614.8 6·58 .070 .090 . 

---- -------
100.00 

Of the Magnet Cove rocks this resembles most that of arkite 
(IV), especially as regards AlaOs' (FeO) MgO and NaIlO, 
though it is gher in SiO a nd lower in 
KilO. Refer iagram 3, its ablished by 
means of SiO t X, and the this vertical 
is cut by the are the" m os calc." of 
the table. The small crosses along the vertical mdicate the 
positions of the various oxides as found. They can be identified 
by the values in the table. 

It will be observed by reference to the diagram or to the last 
two columns of the table, that in the case of oxides whose curves 
are approxim lines, as AlB' the found 
and calculate cide, while in xides yield-
ing decided c ue found is b culated. 

This is i with the d of Harker' 
that if a serie he admixture re members 
will produce a rock having the composition of a possible 
member of the series, while in a curvilinear series the mixture 
will not correspond to a possible member. 

Another method for arriving at the composition of the 
magma as a whole would seem to be f n'sh d b r the deter-
mination of int of each 0 thus giving 
the average c If the equat rious curves 
were known, e calculated y. But for 
practical pur be done b g, for each 

• HARKER. JOUR. GEOL .• Vol. VIII. p. 394. 1900. 
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oxide, the ordinal value for each successive tenth of an inch, and 
taking the mean. The result of this' process is given in II 
below, that given by the previous process being given in I. 

I II 

SiO ......... 47·24 45·44 
AIIO B ...... 19·99 19.06 
(FeO) ....... 6.80 7·75 
MgO ........ 2.24 3·31 
CaD ........ 10.40 11.81 
NaID ....... 6·75 6·37 
KID ........ 6·58 6.26 

100.00 100.00 

The two agree fairly well, and are of the same general char
acter, though there are marked discrepancies, II being decidedly 
more basic in all respects than 1. What may be the explanation 
of this, I am not mathematician enough to say. But the general 
agreement wo'uld indicate that one of the two, or their mean, 
cannot be far from the truth, i. e., as near as the data at hand 
permit of approximation. 

It is of interest to note that I have been unable to find the 
analysis of any rock which agrees 'at all closely with either of 
these two results. Those which are as high in alkalis being 
lower in bivalent oxides, while those which agree in this respect 
are lower in alkalis and alumina. Whether this indicates that 
there are serious sources of error in the method employed, or 
else that some undifferentiated magmas may possess chemical 
compositions not corresponding to those of rocks as yet known, 
is a question which cannot be decided here. It would seem as 
if there were nothing a priori contrary to the latter hypothesis. 

In this connection Harker's I remark may be cited: "Given 
a series such that its diagram has markedly curved lines, the 
result of the admixture of two members may be something not 
only foreign to the series, but highly peculiar by comparison 
with igneous rocks in general." It is true that Harker was dis
cussing the case of the mixture of two members of a series, but 

I HARKER, oj. cit., p. 395. 
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differentiation and admixture (of two members of a series) may 
to a certain extent be regarded as inverse processes, so that the 
occurrence of a magma of this anomalous composition need 
not occasion surprise. Being rich in both of the generally 
antagonistic groups of oxides, it would be especially liable to 
differentiation. The general lability of the monzonitic magmas 
as regards the conditions controlling crystallization has been 
pointed out elsewhere.' 

The general chemical composition can also be calculated by 
the relative volumes of the various phases, which has been the 
only method heretofore available. This would seem to be far 
more uncertain than the new method, which is based on the 
mathematical course of differentiation, since the ignorance 
of certain data may affect the result very seriously. Thus we 
cannot tell where the boundaries between two zones really fall, 
and (beneath the hornstone ridge especially) whether there 
may not be a zone of transitional material. 

Assuming that the limits come half way between zones, and 
that they are of uniform thickness in all directions, we can easily 

II ......... 
III ......... 
TV ......... 
VI ..•...... 

Si0 3 

Al30a 
(FeO) -
MgO 
CaO 
Na30 
K3 0 

Volume. 

0.14 
8.64 

38.27 
52·95 

100.00 

Weiehts 

0.15 
9.85 

39.15 
50.115 

100.00 

50.02 

- 20.89 

5·87 

1.36 
6.89 
6.86 
8.10 

100.00 

IF. L. RANSOME, Am. Jour. Sci., Vol. V, p. 370,1898. H. S. WASHINGTON, 

JOUR. GEOL., Vol. V, p. 376, 1897. 
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calculate the volumes of the several spherical shells, which must 
also be assumed to represent the true ellipsoidal ones. The 
results are given below, including the relative volumes and 
weights (obtained by correction of the former for specific 
gravity), and the average composition deduced from this latter. 

This result is notably less basic than the former calculated 
from the curves, and approaches somewhat closely to the com
positions of the foyaite and the arkite, though in a general way 
intermediate between the two. This is so, since these two form 
(on this basis) go per cent. of the whole. It must be remem
bered, however, that this method is not based on curves, but on 
a succession of steps, and that the influence of the greater 
width of the more acid phases is intensified by their greater 
distance from the center. At the same time both methods 
indicate a magma rich in Al,Os, CaO and alkalis, low in SiO,l 
and MgO, and with moderate iron. 

Inasmuch as there must be a (probably rather large) cor
rection made for the greater mass of foyaite, on the analogy of 
the Shonkin Sag laccolith, all these figures can, for th.e present, 
be regarded as only suggestive and illustrative of the method 
of investigation proposed, than representing exactly the actual 
state of affairs. 

It is of course hazardous to theorize on such limited data as 
are yet available, but the methods indicated in Pirsson's paper 
and the present one would seem to be of not uncommon appli
cability, and well worth further trial in the investigation of other 
favorable localities. Indeed, as Pirsson has remarked, I .. it 
would seem as if this should be the point of departure in the 
study of other series." The methods indicated certainly put 
the study of rock differentiation upon a purely mathematical 
basis, which in the hands of a competently mathematical petro
grapher, should surely lead to an exact quantitative knowledge 
of the laws which control this, and very probably, with the aid 
of physical chemistry, to a knowledge of the rationale of the 
process. 

I PIRSSON, op. cit., p. 576. 
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In my former paper I suggested as an explanation of the 
exceptional character of the Magnet Cove and Umptek lac-
coliths, in h rders more a centers, that 
the arrange d on the gen character of 
the undiffere mao The pro entiation was 
conceived to for such sma great part, a 
sort of fractIOnal crystallization, the magma bemg regarded as 
a solution, so that, in accordance with the laws of cooling solu
tions, the solvent (i. e., the portion present in excess) crystal
lizes out first around the borders on cooling of the mass. 

From what has been learned of the composition of the 
magma, it i at, even thou ilica, it was 
originally of leucocratic ch other words, 
the potentia and feldspa tituents pre-
dominated v ver the calco an. This is 
seen plainly tive weights 0 al shells, but 
even the more basic composition derived from the curves shows 
the same thing. Thus the composition with 47.24 per cent. of 
Sial! may be obtained approximately by several different mix
tures of all or some of the types analyzed, but in every case it 
necessitates t k· f ix-tenths to e· h t th f foyaite, or 
foyaite and eems scarcel 0 give these 
calculations, rely empirica composition 
may also be mineralogica n in several 
ways, accord sumptions ma also, we get 
about two-thIrds of leucocratic minerals. 

The original body of magma, then, at Magnet Cove was, 
notwithstanding its low silica, decidedly leucocratic, as demanded 
by the theory, so that the alumina and alkalis, with the proper 
amount of silica for the formation of feldspar and feldspathoids, 
playing the ent, would cr , and hence 
form the out the mass. 

The late Weed and Pi 
great interes 
that in the w 
anocratic shonkinite is 

ection. Her 
Shonkin Sag 

present in enormously 

cited, is of 
conclusively 
e outer mel

greater quantity 
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than the core of syenite, which, though basic, is distinctly 
leucocratic. The composition of the whole, then, would be 
melanocratic, as demanded by the theoFY, though with notable 
amounts of alkalis and alumina. The same general relations 
are assumed by analogy for the previously described Square 
Butte laccolith, whose magma thus possessed a similar strongly 
melanocratic character, i. e., with a basic "solvent" portion, as 
was suggested.' 

In this connection attention may be called to two other 
examples of differentiated masses in which the borders are more 
acid than the center. One is the igneous area at Alno,' which 
is of special interest, since the rocks of this locality are very 
much like those of Magnet Cove. Another example is that of 
the Rieserferner massif in the Tyrol as described by Becke.3 

The central part of this is a typical tonalite, while the borders 
are composed of what is called II Randgranit." Although, 
unfortunately, no analyses are given, it is very evident from the 
descriptions and from the separations by heavy solutions that 
the border rock is decidedly higher in alkalis (especially 
potash) and silica than the main central mass. 

Another region which offers close analogies in many ways 
with that under discussion is that of Ice River, in British 
Columbia, the rocks of which, collected by Dr. G. M. Dawson, 
have been briefly noticed by A. E. Barlow.4 As the specimens 
were collected on a hasty trip, nothing is as yet known of their 
mutual relations in the area, but they form an unbroken series 
" from the most basic ijolite containing 36.988 per cent. of silica, 
to ordinary nepheline and sodalite syenites containing 53.638 
per cent. of silica." Through the kindness of Dr. Barlow I 
have been able to examine sections of the ijolite, and it is inter
esting to note that, while closely analogous to the ijolites of 

I H. S. WASHINGTON, 0/. cit., p. 41 I. 

"HOGBOM, Alh. Sver. Geol. Undfrs., No. 148, 1895. Map II. This is explained 
by Hogbom as due to melting and absorption of the surrounding gneiss. 

3 F. BECKE, Min. Pet. Mitth., Vol. XIII, p. 379, 1893. 

4 A. E. BARLOW, Scimce, N. S., Vol. XI, p. 1022, 1900. 
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Finland and Magnet Cove in most respects, yet that here horn
blende replaces augite, thus differing from other known occur
rences of this rock. It seems probable that these rocks are not 
as rich in lime as those of Magnet Cove, but higher in MgO and 
FeO. 

In regard to the possible fourth type of laccolithic differ
entiation, which was mentioned in my previous paper, namely, 
that with a gabbroitic or peridotitic or pyroxenitic composition, 
the suggestion may be advanced here that representatives of 
this are to be found in the numerous sheets and dikes of diabase, 
which, as is well known, seldom show marked differentiation 
between the borders and the center. This is in accord with the 
view that in these masses the "basic" solvent is present to the 
almost total exclusion of the feldspathic portion. 

As Pirsson has already pointed out,' the viscosity of the 
magma has an important bearing on the form assumed by an 
intruded mass. The highly viscous acid magmas will tend to 
arch up the overlying strata and form high laccoliths, while the 
more fluid, basic magmas do not possess sufficient viscosity to 
do this in general, and will hence form relatively thin intruded 
sheets. But, at the same time, many of these sheets are of 
thickness sufficient to allow of differentiation, if that had been 
possible through the composition of the magma. 

Such sheets, then, may be regarded as the basic homologues 
of the acid, undifferentiated laccoliths of the Mt. Henry type, 
differing in form, but like them in that the solvent is largely in 
excess in the magma, and hence not susceptible to differentiation. 

The abnormality of covite has been briefly noted, and a few 
words must be devoted to it before bringing this paper to a 
close. It will be observed on reference to Diagram 2 that for 
this rock the positions of Si02 , AliOs, NaIlO, and KIO are 
below the corresponding abscissal points of the" normal" curves, 
while those of (FeO), MgO, and CaO are above. In other 
words, the positions of all the constituents of covite are consist
ently inversions of what may be called the normal (for Magnet 

I L. v. PIRSSON, EiKlttttnlh Ann. Rep. u: S. Geol. Surv., Pt. III, p. 586, 1898. 
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Cove); where the curve actually ascends, these would cause it 
to descend, and vice versa. 

Three explanations may be advanced for this. The first is, 
assuming that the covite is a primary differentiation product like 
II, III, IV, and VI, that the course of differentiation was not 
regular, but subject to comparatively large variations of an 
irregular character. This seems to be unreasonable a priori, and 
is also rendered untenable by the great regularity of the curves, 
if this type be left out of account, by the fact that the abnor
malities are systematic in direction, and correspond inversely to 
the general characters of the respective "normal" curves, as 
well as by the field relations of this rock. 

Another explanation is that the covite is a mixed rock, pro
duced by the combination of either two differentiates of the 
magma, or one of its differentiates with foreign rock. That it 
cannot have been produced by mixture of arkite and foyaite is 
clear from the fact that many of its constituents are not inter
mediate between those of these two. It might have been pro
duced by a mixture of foyaite and either ijolite or biotite-ijolite 
though its position in the complex militates strongly against 
this view. That it is not due to a mixture of the magma, or 
parts of it, with the country rock is evident from the composi
tion of the latter, which is too low in MgO and CaO to form 
covite from foyaite, and too poor in alkalis to form it from the 
more basic members. Its position in the mass, between the 
foyaite and arkite, not on the extreme border, is also adverse. 

The last, and most probable, hypothesis is that the covite is 
not the result of the primary differentiation which produced the 
other types, but of a secondary differentiation of one of the 
differentiaties of the primary process. In such a further differ
entiation we would expect the same oxides to differentiate in 
directions like those of the primary process, but in an intensified 
degree. This, in the case of the more basic of the two comple
mentary secondary differentiates, would give rise to just the 
abnormalities noted in regard to covite. 

Of just what particular phase of the primary differentiation 
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this secondary differentiate is a product it is a little difficult to 
say, but the evidence of Williams's descriptions, my own obser
vations, and the mineralogical and chemical data, indicate that 
it was the foyaite sub-magna (VI) which has undergone this 
further change. 

If this view be correct there must exist a complementary 
differentiate, a rock in which the positions of the various oxides 
are, as regards the "normal" curves, inverse to those of covite. 
That is, the loci of silica, alumina, and the alkalis would be 
above, and those of iron oxides, magnesia, and lime would be 
below, the" normal." 

Whether we actually find this rock or not is more or less an 
accidental matter of erosion, etc. But a chemical analysis indi
cates that such exists in the case of the "foyaite" which 
occupies the small area in the northeastern part of the main 
mass, which was erroneously colored as ijolite on Williams's 
map! This is a white, coarse·grained, holocrystalline rock, 

I II 1Il 

SiO •........... 53·54 53. 09 49.70 
Al.Oa·· ........ 23·95 21.16 18·45 
Fe.Oa ......... 1.[1 1. 89 3·39 
FeO ......•.... 1.24 2.04 4.32 
MgO ........... o.oS 0·32 2·32 
CaO .......•.•. 0·71 3.30 7·91 
Na.O ....•..... S.62 6.116 5·33 
K.O '.' ........ 8.S7 8·42 4·95 
H.O {IIOo+) ... 1.09 I. 13 1. 09 
HIO {IIOO_) ... 0.14 0.24 0.25 
co. ........... 0.20 0.S2 none 
TiO •........... trace O. II I 33 
PIO S • 0 •••••••• . ... 0.15 0.40 
Other constituents .... 0·95 .... 

I 99·55 100·48 99·44 

1. Foyaite, northeast part of area. 
II. Foyaite, Diamond 10 quarry. 

III. Covite, schoolhouse, western part of area. 
IV. Mixture of eight parts of I, and one of Ill. 
la. Molecular ratios of I. 

I Cf, H. S. WASHINGTON, op. cit., p. 394, note. 

IV Ia 

53· [I .1192 
23·62 .234 
1.36 .007 
1.47 . 01 7 
0·33 .002 
I. 51 .012 
8.25 .139 
8·43 .094 
.... .... 
.... . ... 
. ... . ... 
.... . ... 
.... . ... 
1.82 . ... 

100.00 
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composed of alkali feldspar, with nephelite (partly altered to 
cancrinite), and rare grains of aegirine-augite. The position of 
this, outside the zone of arkite, is where we would look for such 
a differentiate of the foyaite magma. 

The analysis, made by myself, of this rock is shown in I 
above, those of the primary foyaite and the covite in II and Ill, 
the molecular ratios of I being given in la, for comparison with 
those of the others on a preceding page. It will be seen that 
the values obtained for the main Diamond Jo foyaite, which is 
quite typical of this rock found around the border, are inter
mediate in every case between those for the other two rocks. 
Reference to Diagram 2 will also make evident the fact that 
the positions of the various oxides would be, as regards the 
normal curves, exactly the inverse of those of the covite. The 
figures for the new analysis fall above or below their respective 
curves, where those of covite are below or above. This is just 
what would be expected in the case of secondary differentiates, 
as has been explained above. 

The results of a mixture of eight parts of I and one part of 
III are shown in IV. It approximates fairly well to the compo
sition of the typical foyaite, especially in SiO Il , MgO, and KilO, 
though AIIiO s' and NaliO are considerably higher, and iron 
oxides and CaO lower. 

It may be of interest to give the calculated mineralogical 
composition of I, which works out as follows: 

Orthoclase 52.3 
Nephelite 36.9 
Cancrinite - 2.8 
Aegirite 3.2 
Diopside - 3.7 
Extra alumina 1.0 

99·9 

The possibility of a secondary differentiation taking place 
in a primary differe~tiate is, it must be conceded, difficult to 
reconcile with the hypothesis already advanced, since according 
to this the differentiation takes place by a successive crystalliza-
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tion, i. e" solidification of the magma, and any such process is, 
of course, impossible in a solid mass of rock. 

This difficulty, however, does not seem to be insuperable. 
The evolution of heat on the solidification of molten lava is a 
well-known phenomena, having been actually observed, and the 
same has been experimentally verified, and the amount of heat 
evolved on the solidification of diabase has been determined by 
Barus.' Therefore the crystallization of minerals from a molten 
magma is an exothermic change. 

It is therefore conceivable that the solidification of a lac
colithic mass may give rise to sufficient heat to remelt por
tions of it, which might easily remain liquid long enough for a 
secondary differentiation to take place. That this was actually 
the case at Magnet Cove cannot be definitely shown, but it is at 
least an explanation which has a certain degree of probability 
in its favor. 

In regard to problems of interpolation and extrapolation, by 
which Pirsson obtained such close agreement between calc.ulated 
and observed chemical composition, we are not in a favorable 
position, since the analyses which I have made exhaust the 
known main types of abyssal rocks at the locality. A compari
son of the analyses of the dike rocks given by Williams with 
the curves in Diagram 3 confirms the supposition expressed in 
my former paper that the tinguaites and the nephelite·porphyry 
are aschistic, and that the fourchites and ouachitites like the. 
covite, are diaschistic. 

It was expected that the analyses of the Fourche Mountain 
pulaskites would fall in with the curves as laid down. But, 
determining the abscissal position by silica, it is found that 
Al,Os, NaJO, and KllO are below, and (FeO), MgO and CaO 
are above, what would be their" normal" positions, as will be 
seen on reference to the diagram. 

Although these rocks are unquestionably derived from the 
same general magma, yet, as their distance from Magnet Cove 
is about forty miles, it is clear that we need not be surprised to 

"C. BAR US, Am. Jour. Sci., Vol. XLIII, p. 56, 1892, 
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find discrepancies, due to differences in the process of differ
entiation. 

At Magnet Cove we have, without any doubt, the results of 
the differentiation in place of a small body of magma. This 
particular mass may have had originally the composition of the 
magma underlying the whole region, or it may have been itself 
a differentiate of this. Differentiation in such a large body of 
magma as that underlying the whole igneous region of Arkansas 
would naturally be likely to give rise to diverse products at 
different points, in which, however, could still be traced some 
of the original general characters of the whole. We are as yet 
scarcely in the position to deal with such intricate and obscure 
problems, but the results of Pirsson's investigations and of those 
embodied in the preceding pages seem to furnish a promising 
means of attack. 

HENRY S. WASHINGTON . 
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PECULIAR EFFECTS DUE TO A LIGHTNING DIS
CHARGE ON LAKE CHAMPLAIN IN AUGUST 1900. 

AFTER a period of long continued drought, when the ground 
wa~ very dry, a thunder shower arose in the Adirondacks, which 
passed east, crossing Lake Champlain over Westport and along 
south of the crest of Split Rock Mountain. No rain fell north 
of the top of the mountain, but a very severe storm passed to 
the south. When the storm had nearly disappeared, a sudden 
discharge of lightning passed down from the clouds, striking 
about half way down the northern slope of the mountain, entirely 
outside of the rain area and into the dry trees and rocks. 
In about a half a minute a cloud of what appeared to be dust 
could be seen rising from among the pines and juniper bushes. 
This, however, in a couple of minutes proved to be smoke, and 
in less than five minutes a very well developed forest fire was 
under way. Fortunately, a number of persons saw the discharge 
and saw the fire start, and immediately hastening to the spot 
were able to extinguish the fire before it had burned over more 
than a small fraction of an acre. 

The peculiarity of the discharge was immediately observed 
upon coming upon the locality. An old pine tree seemed to have 
received the most severe part of the discharge and was badly 
split in the familiar manner. In addition to this, however, a num
ber of places were immediately noticed where the lightning had 
struck either into the rocks or into the dirt overlying the rock. 
In two cases the discharge into the rock was of such force as to 
split the rock, tearing up fragments weighing as much as fifty to 
one hundred pounds and scattering them about. In other places 
the discharge upon the rock was comparatively slight, producing 
simply small fractures in the rock, and in some cases the effect 
was so slight as to simply remove the dry moss, leaving a 
small white spot not as large as the finger-nail. These partial 
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discharges of such varying force were scattered over an area of 
perhaps thirty to forty feet square, the more violent ones being 
within twelve or fifteen feet of each other. Upon examining the 
point at which anyone of these discharges struck, a white incrus
tation was apparent upon the rock, as if white paint had either 
been spattered about or had been spread over as a rough, branch
ing, straggling line. These white incrustations, in some cases, 
could be traced for a foot or more down into the cracks between 
the rocks. In other cases, they were mere spots. These white 
streaks were, undoubtedly, the paths along which the electricity 
ran, and a superficial examination showed that the white was due 
to an incipient fusion of the surface of the rock. Unfortunately, 
it was not practicable to get satisfactory photographs of these 
markings or to bring in large specimens. Small specimens, how
ever, were brought in, and have been subjected to investigation. 

The probable explanation of the scattering discharge of this 
particular lightning is to be found in the extreme dryness of the 
ground. The cloud charged with electricity would, of course, 
induce the opposite kind in the trees and rocks immediately 
beneath it. Then, when the discharge came, it was necessary 
that each prominence should discharge to the cloud individually, 
because the ground connecting the different prominences was 
too poor a conductor to rapidly collect the quantities of elec
tricity and discharge them through a single point, as is usually 
the case. 

COLUMBIA UNIVERSITY, 

New York City. 

WILLIAM HALLOCK. 
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A STUDY OF THE STRUCTURE OF FULGURITES. 

SOME obscure problems in structures occurring within artifi
cial and natural gla.sses (rhyolites, tachylites, etc.) receive light 
from the study of fulgurites, as representatives of instantaneous 
fusion, and frequently, as it will be shown, of equally rapid 
devitrification. 

Hitherto, however, a constitution of homogeneous glass has 
been universally observed, under the microscope, in all sand
fulgurites, without the least trace of devitrification. in the largest 
masses! Occasional cloudy stains of brown i~on-oxide and 
black manganese-oxide hav6rbeen noted, and frequent enclosure 
of remnants of quartz-grains· and of bubbles, both more abund
ant near the outer walls of -fulgurite.3 In rock-fulgur1tes, a 
single instance of devitrification has been recorded. The results 
of examination of four fulgurites will now be described. 

I. Fulgurile (lightning-tube) from sand, Poland; a small 
fragment, together with thin cross-s6ctions, prepared by Mr. 
James Walker, of the New York Microscopical Society. This 
fulgurite is of small size, from 5' to 8 mm in diameter, ·with central 
aperture or lumen usually 2.5 to 4 mm in diameter, and glass wall 
varying mostly from 0.6 to 2.0mm in thickness, roughened out
wardly by adhering sand-grains in a continuous coating. The 
photomicrographs (Figs. I and 2) may serve to explain certain 
features as yet unrecognized in other fulgurites. 

The wall presents, under low magnifying power, an appa
rently homogeneous glass, streaked by occasional cloudy wisps 

'''A Perfect Glass," ARAGO (A"". d. Cn. ~t. d. Pnys., Vol. XIX (1821), p. 290) 
and all later investigators. 

'VON GUMBEL, aits. d. J).I{~O/. Ges., Vol. XXXIV (1882), pp. 647-648. 
J. S. DILLER, Am. Jour. Sci., Vol. XXVIII (1884), pp. 252-258. 
G. P. MERRILL, Proc. U. S. Nat. Mus. (1886), p. 84. 

'Best shown in the longitudinal and cross-sections of a sand-fulgurite by A. 
WICHMANN (ails. d. J). g~ol. G~s., Vol. XXXV (1883), Pl. XXVIII). 
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of brownish and reddish iron-stains, and besprinkled with 
swarms of bubbles of varying size. 

The inner surface of the lumen is for the most part smooth 
and shining, with boundary sharply defined in cross-section 

FIG. I.-Sand·Fulgurite, Poland. X 10. Photomicrograph of cross·section. 

(Fig. I), as in other fulgurites; but, here and there, a few 
points, pustules and needles of glass are found to project, of a 
length up to o.I7 mm • For the origin of the central lumen an 
explanation long accepted has been that suggested by Watt for 
the hollows in a fulgurite-mass, "the expansion of moisture 
while the fusion existed! In this cross-section the outline is 

'Phil. Trans. Roy. Soc. Lond., Vol. LXXX (1790), p. 302. 
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nearly circular, with maximum and minimum axes as 4: 3; in 
another it is still more elliptical. . This difference, common in 
sand-fulgurites, has been attributed to distortion of the tltbe by 
pressure of the surrounding sand upon the fulgurite while still 
plastic. In one cross-section, one side of the tube appears 
partly crushed together, with coalescence of opposite parts of 
the wall into a blebby mass of coarse bubbles and partial oblit
eration of the lumen. The characteristics of such a fulgurite 
seem therefore to be naturally divided into those developed 
during the sudden dilatation of the tube, and those which may 
have ensued during its quick compression and in places partial 
collapse. 

In regard to the distribution of the bubbles or vesicles, three 
vaguely marked bands may be distinguished: I a marginal tract, 
next the lumen, comparatively free from vesicles and clear: a 
middle portion of the wall comprising most of the larger 
vesicles; and the gathering of dark swarms of the more minute 
vesicles toward the outer margin. 

The last (partly shown in Fig. 2) vastly predominate in 
number Qver the larger vesicles, are almost universally spherical, 
vary greatly in diameter down to II-' or less, and compose the 
dark clouds, seen under low magnifying power, on inner side of 
sand-grains adhering to outer side of the wall. Others are also 
dispersed more irregularly in lines and bands through patches of 
the glass (best shown under magnifying power of at least 300 

times). A careful search was made among these dark bubbles, 
particularly the most minute, by means of a tenth-inch objective 
of good definition, for traces of enclosed water, but no liquid 
could be distinguished. From this I conclude;: that any watery 
vapor, derived from moisture present in the sand, has been mostly 
expelled in the explosions, and also that this has probably had 
far less to do, in expansion of the lumen and formation and 
compression of bubbles, than the elastic force evolved by sudden 
heating of the large volume of air occupying the interstices of the 

I In a fulgurite from Milton, Florida, no definite order of arrangement occurred. 
(MER.R.ILL, loc. cit., p. 90). 
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sand-grains. The bubbles should therefore be more properly 
denominated air-vesicles (luft-blasm) than vapor- or steam-cavi
ties (dampf-porm.) 

The larger vesicles, which mostly occupy the middle part of 
the tube-wall, seem to have been produced by crowding together 

• ........... 

FIG. 2.- The same". X 50. Part of wall. 

and coalescence of smaller ones. The largest, which have been 
perforated and emptied, in making the thin section, present light 
outlines, up to 0.2 to 0.3 mm in diameter, mostly elliptical, but 
also oval, pearshaped, lenticular, triangular, or squeezed together 
in groups, with contiguous wall,:; flattened by pressure in direc
tion tangential to the tube-wall. Even a particular vesicle may 
vary much in size and in form of cross-section at different 
depths, 'lS if distorted after formation. The longer axes of the 
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elongated vesicles are in general disposed radially' toward the 
lumen of the tube, though occasionally one may lie obliquely or 
even at right angles to that direction, as if twisted around by a 
sudden thrust. All the facts seem to point to strong lateral or 
tangential compression of the vesicles within the surrounding 
glass wall, and to their consequent extension and distortion in 
the direction of relief.-

The sudden expansion of air and vapor by the electric dis
~harge has thus effected the dilatation of the lumen, the genera
tion of bubbles throughout the fused glass, and the coalescence 
of those first formed into the larger vesicles. The relief of this 
tension outwardly, toward the margin of the tube, first caused· 
the radial elongation . of the larger vesicles and extension of 
conical projections and wings from outer side of the plastic tube, 
aided, doubtless, by lateral offshoots of the electric current.3 

Then, in the moments succeeding the passage of the main cur
rent, the effeCts of sudden condensation, lateral contraction and 
recoil are shown in the instances of partial collapse of the tube, 
in the reverted distortion of vesicles, i. e., inw:trdly toward the 
lumen, and in explosion of some bubbles nearest the lumen into 
pustules and points of glass over its surface. Where the glass 
retained its plasticity longer, the vesicles have recovered their 
normal spherical form; this condition seems to have been 
regained in nearly all fulgurites whose vesicles have been care
fully examined by others. It is ·to be noted that elongated 
vesicles in radial position have been recorded in only two cases 
of rock-fulgurites, in both within partially devitrified glass, as 
found in one b}' Rutley and in the other by Wichmann; in the 
latter case (viz., fulgurite III, beyond) I have made the same 

, A position already recognized in other fulgurites by Wichmann and Rutley. 

• One writer considers "this radial arrangement .... possibly indicative of a 
rudimentary crystallization in the fulgurite glass" (RICHARDSON, Min. Coll~ctor, Vol. 
III (1896), p. 132). 

3 MERRILL,loc. cit., 87. One .consequence of these offshoots, and of the ozonized 
atmosphere thereby developed, is shown in the reddish stains, due to oxidation of 
iron, in the sand surrounding a fulgurite, to the distance of 3 or 4 inches; ~. ~., in that 
found near Starczynow, Poland (ROEMER, N.Jakr6./. Mill., 1876, pp. 33-40). 
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observation, in addition to fulgurites I, II, and IV. Their 
exclusive association, therefore, with devitrification may be a 
consequence of more sluggish movement and imperfect recovery 
from distortion within the more viscous crystallite-laden glass. 

Another feature, quite distinct in the vesicles of larger size, 
is the separation of each from the surrounding glass by a limpid 
pellicle, never exceeding 0.2,.,. in thickness. This appears both 
in cross-section, with sharply di fferentiated outlines, and also in 
jagged remnants around the margin of an emptied vesicle, on 
surfaces of the thin section, like the edges of a broken eggshell. 
It may be considered a glass coating, suddenly chilled and 
condensed in contact with the bubble, at first consolidation of 
the tube-wall. 

Around the outer margin of the wall occurs, as usual in 
sand-fulgurites, a continuous row of adhering sand-grains (Fig. 
I), semi-fused and to that extent rendered white and opaque. 
These grains are partly rounded and from 0.2 to 0.6 mm across . 

. All were successively examined around the thin cross-section by 
the usual optical methods. those of feldspar being generally 
recognizable by traces of cleavage, cloudy alteration, oblique 
extinction, lower interference-colors than those of quartz, and 
more or less complete biaxial interference-figures, whose nega
tive character could often be distinguished. Out of 35 grains 
23 were identified as orthoclase, the remainder as quartz. In 
the more angular grains wavy extinction testified to remaining 
mechanical stress. The indications are that the original s~nd 
was very fine and highly feldspathic, free from mica and with 
few ferruginous particles. 

While the outer extremity of a sand-grain, so attached to 
the glass wall, often retains its translucency and color entirely 
uninjured by the electric discharge, this is sharply divided from 
an altered milk-white inner portion, in which the change con
sists mainly, with quartz, in very minute fracturing and conse
quent opacity. This passes, with feldspar, into a translucent 
border, next the glass, in which minute needles or crystallites 
abound, suggesting immediate devitrification after fusion. From 
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this border very irregular milky threads descend into the glass 
in a confused network, swarming with the most minute air
bubbles, approaching I oc 2JJ. in diameter. In this vicinity, also, 
fibrous threads or streaks of glass occur, which display, between 
crossed nicols, feeble colors of aggregate polarization. 

On reception of this fulgurite from Mr. Walker, he stated: 
"I have noticed in several places on the outside of the tube 
. . . . some very fine threads of fused quartz, like delicate 
spider-webs, connecting the sand-grains, as if the partly fused 
grains had been forced apart while still soft." This new feature 
in fulgurites I can confirm. The glass threads are colorless, 
brownish, or sometimes black; gen'erally smooth and glistening, 
but occasionally roughened; more or less curved; passing from 
grain to grain of the adhering sand, but sometimes projecting as 
if broken; mostly 0.4 to I.l mm in length. and.o.oIS to 0.04 mm 

in width.' In the glass between neighboring sand-grains many 
minute round holes are also perceptible" under a low magnify
ing power, apparently p'roduced by exploded bubbles. In sev
eral cases, in the glass behind a sand-grain, there is a limpid 
band with faintly marked outline (best shown in photomicro
graph, Fig. 2), the latter corresponding to the back contour of 
the sand-grain. This must mark its original position before it 
was jerked outward to a distance of half its diameter and the 
spate behind filled in at once with cl6ar glass, distinct because 
free from bubbles. To the force and extent of this outward 
jerk, in some instances, the glass threads doubtless owe their 
formation. 

Between crossed nicols the thin section at" first appears dark, 
like a homogeneous glass, with the exception of the ring of 
highly refracting sand-grains outside and occasional gleams of 
reflection from scattered air-vesicles. In ordinary light, under 

• A coating of sublimed silica is often found upon the carborundum crystals 
manufactured in the electric furnace at Niagara Falls. The interlaced threads of 
quartz of which it is composed much exceed the dimensions of the natural threads 
above described. They differ also in the variation of diameter in a thread and in the 
common occurrence of a peculiar beading along many threads. 

• MERRILL, loe. ci/., p. 84. 
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low magnifying power, a faint granulation is discernible through~ 
ou't the glass. This is resolved under higher power (X 300) 
into an irregular, sparse to abundant distribution of crystallites 
through a predominant glassy base, from the margin of the 
lumen to the fusion-border of the sa.nd-grains. No special 
concentration occurs, except in occasional richer wisps and 
streaks, like diffusion-streams, across minute patches of clearer 
glass. In general they are scattered in the same ,way among 
and near to the air-vesicles. In some cases, however, an elon
gated vesicfe is surrounded by a band of perfectly clear glass, 
free from micro lites, 5 to lOP. in width, which broadens to 20 or 
30P. opposite the ends of the major axis of the vesicle. This 
has been plainly due to compression and extension of an 
original envelope of vis.cid glass, chilled and consolidated by 
proximity of the vesicle, before devitrification could take place 
within this envelope. But in general throughout the glass we 
may recognize one condition that has favored crystallization, in 
the influence of absorbed vapors, through the abundantly inter
mixed bubbles.' 

These microlites are straight or curved, sometimes lath
shaped, less than IP. in length in some cloudy aggregates, but 
largely 3 to 13P., or even extend into threads, often bent or 
crooked, 30 or 40P. in length. They lie in all positions and 
never display any fluidal arrangement,a though the larger num
ber seem to be radially disposed toward the center of the ful
gurite-tube. Between crossed nicols the microlites exhibit very 
feeble double refraction, mostly pale gray, here and there 
brightening into pale greenish-white of the first order. All 
these forms appear to represent the regeneration of feldspar. A 
very few margarites were also distinguished, and one spherulite 

I As in the pumiceous glass of the fulgurite of Little Ararat III, as well as in the 
devitrified glass of Monte Viso, of which Rutley states that the vesicles are sometimes 
so closely packed that the glass is quite spongy. However, the pumiceous glass of 
other fulgurites has been found entirely homogeneous. 

aln fulgurite-lumps from Florida, Merrill recognized a Auidal structure in the 
homogeneous glass near bubbles, .. as if by sudden expansion of a steam·bubble in 
the plustic material" (loc. cit., p. 87), 

Digitized by Google 



· STUDY OF STRUCTURE OF FULGURITES 681 

of about 3 p. diameter, made up of concentric shells, which 
exhibited a faint cross, remaining fixed on rotation. 
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preliminary examination was made of a specimen of artificially 
vitrified gneiss, with brown glassy fracture, obtained from the 
hearth of a limekiln at Tuckahoe, N. Y. This had been evi
dently thoroughly roasted and deprived of moisture but not 
fused (as t,he gneiss structure still perfectly survived, in the 
undisturbed parallel biotite-scales), saturated with slag from the 
kiln, and fi~ally thrown out and slowly cooled upon the refuse
dump. In a thin section under the microscope, the results of 
the action of fused glass upon the original minerals of the gneiss 
were found to be as follows: a, slight solvent attack upon the 
biotite, rendering it in part opaque, with brown haloes and 
Cloudy wisps of iron oxide feathering out into tne adjacent 
glass, apparently by quiet molecular diffusion; a decided but 
partial solution of the quartz, of which a small portion survived 
in angula1' remnants, stiII in place; and complete solution and 
disappearance of the feldspar. The main mass of the saturated 
rock had thus .been converted into pure colorless glass, with a 
few coffee-colored stains, without any trace of crystallites or 
new stony matter, notwithstanding its slow cooling. However, 
globules of clear glass, about o.Smm in diameter, were abundantly 
interspersed, colorless like their matrix and with little adherence, 
since many had become loosened and removed from the surface 
of the thin section during the process of grinding. It was con
sequently inferred: 

1. That minerals of acidic constitution, feldspar and quartz, 
may be largely carried into solution, in contact with fused glass, 
at a temperature below their thermal melting points. . 

2. That their fused products tend to cohere in situ in sphe
roidal globules, through possession of a different degree of 
density, viscosity and contraction on cooling, from that of the 
surrounding glass. 

3. That the process of devitrification has been prevented in 
this vitrified gneiss by the peculiar constitution, probably the 
acidity, of the unsaturated glass, and by an insufficient period of 
cooling. . 

In the development of a sand-fulgurite byalmost instantaneous 
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fusion, it is unlikely that any selective power"could have been 
exerted among the sand-grains, through their slight variations 
in fusibility, conductivity or other property. All withi~ a radius 
of a few millimeters were suddenly and completely fused, with 
a limitation so sharply defined, in this fulgurite, that, in any 
sand-grain, the quartz or feldspar may rel1lain entirely unaltered 
within an interval of about O.02mm of the same material fused 
and a~in devitrified. The molten mass of its wall became a 
supersaturated solution of feldspar, with specially strong sol
vency, however, toward any external" quartz-grains within its 
reach, through the tendency to form more acid silicate. Such 
action probably accounts for the increased amount of silica 
which has been determined in fulgurite-glass over that in the 
original sand in several instances.' In this fulgurite also the 
preponderance of feldspar over quartz in the attached sand
g~ains may possibly have become exaggerated by the slower 
solution of the former mineral. 

The view has been advanced • that a selective power of fusion 
has been exerted by the electric current among the grains, but 
without regard to their fusibility: the poorer conductors (quartz
grains), offering so strong resJstance as to become heated to the 
point of fusion, those substances which are the best 6onductors 
(iron-oxides and feldspars) escaping with least injury. It is 
notable, however, that it is not a goqd conductor but quartz only 
which has ever been recognized in remnants of grains inclosed 
in th~ glass of other sand-fulgurites, and that no remnants what
ever are enclosed within the glass of this fulgurite, apparently 
because so rich in flux. . 

Three rock-fulgurites will now be described in the order of 
increasing devitrification. 

I In a fulgurite from Union Grove, Ill., silica 91.66 per cent. in the glass to 84.83 
in the sand; in another, 95.91 in the glass, to about 90 in the sand. (MEkRILL, 

Ioe. cit., p. 85.) 

• MERRILL,loc. cit., p. 87. Diller notes, however, in a fulgurite on hypersthene
basalt, that the sequence of alteration is according to degree of fusibility of the com
ponents of the rock, greatest in the groundmass, then hypersthene, then feldspar, and 
least in olivine. 
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II. Fulgurit~ on gneiss, near Split Rock, Lake Cluzmplain, New 
York; specimen collected by Professor William Hallock, of 
Columbia University, immediately after the lightning-stroke, as 
described in his accompanying article. Thin sections of this 
granite-gneiss were prepared, one in plane parallel to and within 
about 0.03mm of the fulguritic crust, the other in cross-section. 
The rock is found to present a surface somewhat dulled by 
weathering, and to consist, to about 70 per cent. of its volume, 
of feldspars, microcline, microperthitic orthoclase and a little 
plagiuclase, besides much quartz and a small amount of mag
netite, biotite, garnet, and rutile, but no trace of fulguritic glass. 
No undulatory extinction occurs between the nicols, as evidence 
of strain. 

The fulgurite-pellicle is entirely superficial,' brittle, and with 
slight adherence to the rock, from 0.1 to 0.3mm in thickness, 
nearly whfte, consisting chiefly of a min~tely blebby hyaline 
crust with blistered, glistening surface, whose bubbles, rarely 
exceeding 0.2mm in diameter, are nearly spherical but somewhat 
elongated normally to the surface of the rock. On careful 
examination of these, in a flake mounted in balsam, under a 
good tenth-inch immersion objective, no water of condensation 
could be detected in any vesicle. 

Man y short glass· fibers occur, sometimes with globular ends, 
resembling some of those in "Pele's Hair" from the crater of 
Kilauea, Hawaii. This white pumiceous slag is quite uniformly 
attached to the predominant surfaces of feldspar, though pierced 
by the uncovered gray grains of quartz. It is dispersed over 
the rather even surface of the hard gneiss in radial, somewhat 
dendritic forms, often many inches in length, thinning out into 
feathery fleeces at the margins. Wherever these pass over 
minute plates and seams of the dark minerals of the. rock, the 
blebby fulgurite assume a yellow, red, brown, or black color, as 
a dark enamel, or in the form of tiny spherules.' 

I Similar superficial films of fulgurite have been often observed, by Humboldt in 
Mexico, by Brun in the Alps, by Ramond on mica-schist, on limestone, and on phon
olite in the Pyrenees and A uvergne. 

"Over the fulgurite-crust on hornblende-gneiss at Mount Blanc distinct white and 
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T~e white material, when flaked off and mounted in Canada 
balsam, reveals a limpid glass, dispersed with very few and 
minute straight microlites and very rarely rhombic plates; the 
latter display rather bright interference-colors between crossed 
nicols and parallel extinction! Where thinnest, the glass 
remains isotrope and dark, while the thic~er portion, generally 
toward the center of the flake, glows with the greenish-white of 
the first order of Newton's colors; in places the color reaches 
the sky-blue of the second order, exactly like a thin scale of 
the underlying feldspar. The indications are that devitrification 
had begun, throughout the glass, in globulites too extremely 
minute for distinction, even under high magnifying power, but 
whose concentrated effect in depolarization becomes visible, 
between the crossed nicols, in the thicker parts of the flakes. 
The flakes of brown or colored glass, however, are found to be 
uniformly isotrope. It should be noted, that, as the greater 
thickness of these flakes approaches or exceeds o.S~m, it is 
probable that the presence of crystallites might hardly have 

. been recognized in a ground section of the ordinary thinness, 
0.02 to o.oSmm. In such an investigation plane surfaces are not 
indispensable, and the examination of splinters of a glass may 
serve an important office. Evidences of incipient devitrification, 
in fulgurites and other glasses, have possibly escaped detection 
by observers relying entirely on examination of thin sections. 

The facts above described lead to the following conclusions: 
I. We have here to do with different conditions from those 

dark globules were dispersed: .. the fused surface of each crystal solidified almost 
exactly in silu. except where sputtering of the molten matter was caused" (RUTLEY, 
Quar. Jour. (Teol. Soc. (1885). pp. 152-156). The inclosed globules in the slag· 
saturated gneiss of Tuckahoe may represent a similar tendency to isolation. 

I The hOOlogeneity of glass which apparently prevailed in all fulgurites examined 
by the early observers led naturally to the statement in 1884 that the absence of crys
tallites .. may be used as a means of distinguishing fulgurite from other natural 
glasses" (J. S. DILLER. Alii. Jour. Sci .• Vol. XXV[II (1884). pp. 252-258). In 1889. 
Rutley made the first and hitherto the only rocord of the occurrence of devitnfica· 
toin in a vesicular fulgurite·glass on glaucophane-schist. at Monte Viso. Cottian Alps. 
The crystalline forms consisted of globulites. margarites. and longulites. and even 
symmetrical microliths (Quar.Jour. CeDI. Soc .• Vol. XLV (1889). pp. 60-66). 
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which attended the sand-fulgurite I, viz., the lessening force of a 
divided electric current, passing over the surface of a compact 
rock-mass. The effect of the electric action on this solid sur
face of gneiss has been more diffuse, feeble, and superficial thap 
in the sand-fulgurite, and, in this case, confined to the feldspar. 

2. The fulgurite crust has been produced almost entirely by 
fusion of surfaces' of feldspar-grains rather than of quartz, and 
in small degree by that of the iron-containing minerals. The 
property of fusibility, rather than that of imperfect conduction, 
has determined the amount of attack on each grain. Each kind 
of glass, colorless and colored, is sharply confined to the min
eral surfaces from whose fusion it originated, with little tendency 
to intermixture. 

3. The bubbles thro~ghout the fulgurite-crust owe their for
mation chiefly to expansion of air, and in part doubtless of 
steam, derived from moisture in the weathered surface of the 
rock. Their sputtering explosion has probably produced the 
tiny fibers over the blebby surface. 

4. The surprising partial devitrification, which has instanta
neously followed fusion throughout the delicate white pellicle, 
has been evidently facilitated by the supersaturated feldspar 
solution of which the molten glass almost entirely consisted, 
and by its consequent unstable moleculaT condition. 

III. Futgurite in augite-andesite, summit of Lesser Ararat, 
Armenia. The specimen was one of those collected by Dr. E. 
O. Hovey, of the American Museum of Natural History, New 
York. 

The fulgurite material from this peak has received repeated 
study in the field or laboratory by successive observers. Abich I 
detected only pure glass in the fulgurite, but in such abundance 
that he suggested the name" fulgurite-andesite" for the mate
rial on the apex of the peak. Gustav Rose· also came to the 
same conclusion, and determined the difficult fusibility of the 

I SiI •. Altad. Wiss. Witn, Vol. LX (1870), I. Abth., pp. 153-161. 

" Zei/. d. D.gtol. Gts., Vol. XXV (1873), pp. I12, I13. 
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glass on thin edges. A. Wichmann 1 made the most careful 
petrographic study of this and other fulgurites and distinguished 
this as Ii entirely homogeneous glass," without any alteration of 
the andesite at the sharply defined contact. He considered the 
bubbles as vapor-cavities (dampf-poren), and gave a clear repre
sentation of the structure of a lightning-tube in a well-drawn 
cross-section. The results of my own examinati~n, which follow, 
differ in some important particulars. 

The augite-andesite of this peak, though consisting of fresh 
plagioclase-feldspar, with some partly decayed augite, horn
blende, orthoclase, and magnetite, is deeply disintegrated by 
weathering, so that, in some blocks, its grains crumble readily 
under pressure from one's fingers. It is also traversed, even in 
the most solid material, by numerous cavities and channels, a 
few millimeters in width, of most irregular form, crossing and 
connecting with each other at intervals of a few centimeters. 
Most of these passages, in the more decayed specimens I have 
examined, in the collection of Dr. Hovey, are one or two centi
meters in width, and often coated by the olive-green fulgurite 
glass to a depth of I to I.Smm; some are even solidly filled up 
by the glass, with a cross-section of 5 to 8mm in diameter or 
over. Other cavities of exactly the same form and size were 
noticed, adjoining but nof connecting; which are now and appear 
always to have been entirely free from fulgurite. Most, if not 
all of these, therefore, seem to be preexisting cavities, later 
occupied in many cases by fulgurite. A confirmation of this is 
found, by optical examination of the thin sections, in the absence 

. of undulatory extinction in the grains of minerals adjacent to 
the fulgurite, i. e., the lack of any indication of strain likely to 
have resulted from actual perforation of the rock by lightning. 
On the other hand, certain other specimens in the collection 
from the same peak are penetrated by cylindrical winding tubes,· 

'Id,,,,., Vol. XXXV (1883), pp. 849-859. 

• The approximately cylindrical form of the latter, and their curved windings, 
have· been well represented by Rutley, from the fulgurite furrows on glaucophane
schist at Monte Viso, Cottian Alps (lot:. cit., plate). 
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lined or filled with the dark glass, which seem clearly to owe 
their perforation to the action of electric discharges upon more 
disintegrated blocks of the crumbling rock. 

. The glass is found to be rich in bubbles, especially toward 
and near the surface of the inner rock-wall, and in places even 
blown up into blebs and blisters. All of the smaller vesicles and 
most of the larger are approximately spherical. In none of 
these could any water of condensation be discovered under a 
tenth-inch objective; their contents appear to be entirely gas
eous, i. e., chiefly derived, in all probability, from expansion of 
air rather than steam. Many of the larger vesicles present a 
more or less elongated form, with major axis always arranged in 
position at right angles to the adjacent rock-wall. This distor
tion of vesicles in the glass of. a rock-fulgurite may be always 
attributed, in my opinion, entirely to the reaction of pressure 
inward, i. e., toward the lumen, which has instantaneously fol
lowed the passage of the electric discharge, mainly from expan
sion of the collected bubbles, partly from increased volume of 
the glass during fusion of the rock. 

When crushed splinters of the glass are examined, though 
found sometimes entirely amorphous, as reported by Wichmann 
and others, it is also in places rich in bunches of stony matter, 
isolated needles (with bright interference-colors between crossed 
nicols and parallel extinction) and clusters of microlitic fibers, 
sometimes radiating around a bubble. 

Again, at the line of contact between this glass and the ande
site-wail, an intermediate stony layer occurs, O. 15 to 0.70mm in 
thickness, containing a few obscure outlines of bubbles. This 
plainly consists of wholly devitrified glass, made up of a felt of 
irregularly crossing needles, fibrous curved wisps, or straight 
bundles, some rectangular in form, 0.08 to 0.20mm in length, 
whose axes lie mostly parallel to the line of contact with the 
adjacent rock-wall. In the straight bundles an extinction-angle 
of about 19° is uniformly obtained, often with undulatory phase, 
and all offer the characteristics of orthoclase. There is a remark
able resemblance, if not identity, of these fibrous aggregates, in 
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form, structure. and optical character, to the artificial microlitic 
bundles obtained in the experiments of J. S. Diller (loc. cit.) 
by long fusion of amorphous fulgurite-glass in crucibles. 

The difference of the above results from those hit·herto 
reported from study of the fulgurite of this peak may be 
attributable to variation in the structure of the fulgurite, particu
larly in regard to devitrification, in different parts of the surface. 

IV. Fulgurite from summit of Central Butte, Little Missouri 
. Buttes, Wyoming,· specimen collected by Mr. John D. Irving. 
This is a small fragment of phonolite, apparently from the edge 
of intersection between two joints, down which corner the fulgu
rite runs in a shining, cream-colored, slightly brownish crust, 
about I Smm wide and 3mm thick. On a fractured cross-section it 
shows distinct lamination parallel to the surface of contact, as if 
the latent structure had been developed by weathering. 

The rock consists mainly of orthoclase-phenocrysts, whose 
idiomorphic character is obscured by fractures, imbedded in a 
smaller volume of granular, somewhat ochreous holocrystalline 
groundmass, through which needles of hornblende, plagi.oclase, 
apatite, and granules of magnetite are dispersed. Between the 
crossed nicols, the transparent minerals, in a thin section, gener
ally display a decided undulatory extinction, in evidence of con
dition of strain. 

This fulgurite exhibits under the microscope the unique char
acter of a wholly devitrified mass, light brownish-gray, delicately 
laminated in cross-section (a, Fig. 3) by a very irregular flow
structure,' with interruptions and intersections of lamina: sug
gesting those observed in the cross-stratification of certain sand 
deposits. Some lamina:, especially near the contact-line (e. g., 
just below c'), are bent and faulted, with ends slipped past each 
other. The thicker lamina: consist of very minute, colorless 

I Compare the thin underlying coat, in which fusion is less complete, with dark 
fluidal banding, and which envelops numerous crystal remnants, described by Diller 
in the .. mixed zone" of fulgurile-glass in immediate contact with basalt at Mt. 
Thielson (IDe. cit.). Of this he states, it is difficult to conceive how it has been pro· 
duced, .. unless it is due to the repulsion of the particles among themselves." 
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needles, fibers, and gran"ules, in an irregular felted mass, through 
which obscure circular and elliptical outlines (b, etc.) indicate 
the position of numerous original bubbles, now flattened, freed 
from gas, and even partly obliterated. With this darker 
material, evidently entirely devitrified glass, there occur frequent 

p 

FIG. 3.- Rock·Fulgurite, Wyoming. X 50. Cross-section of contact. 

alternations (d, d, etc.) of thin films of a microscopic breccia or 
II mylonite," shining brightly between the crossed nicols. This 
is composed apparently of rock-dust,' made up chiefly of angu
lar splinters of feldspar; a few coarser fragments of the same 
are also irregularly interspersed (f). Along the line of contact 
(d'), the same angular dust is drawn out in streaks or gathered 

1 Apparently related to the opaque whitish layer, between the .glass and rock, in 
the fulgurite of Monte Viso, and referred by Rutley to altered titanite. 
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in embayments. Its origin is well shown next the Carlsbad
twin of orthoclase (c-c'), whose outer end (c'), projecting into 
the fulgurite current, has been shattered into this dust to a 
depth of o. xmm , seemingly after the adjoining fulgurite laminre 
had somewhat consolidated. This and other feldspar-grains 
lying along the edge of tQe stream, have been completely 
encircled by fulgurite, with an inner film of angular dust, mark
ing the outline of the minutely ·shattered surface of feldspar. 
This micro-breccia is brought out between the crossed nicols in 
distinct bright stripes. The phonolite ground mass generally 
shows rather deeper embayments by fulgurite-attack than the 
feldspar-grains; but the hornblende-needles seem to lie entirely 
unaffected, even in immediate contact (k) with the fulgurite
stream. 

It is possible that the devitrified crust which constitutes this 
fulgurite may be a remnant of an inner stony layer (as in Ful
gurite III), from which a glass-coating may have been scaled 
off during weathering; but of the latter there is no evidence, 
and the stony crust now occurs coated by small lichens. Yet 
the peculiar structure of this crust, with its alternations of 
micro-crystalline and of micro-brecciated laminre, signifies that 
devitrification has not been a secondary process due to weather
ing of a glass. 

RESUME. 

Considerable variation appears, in the characteristics of these 
rock-fulgurites, from two probable causes: the variations in the 
electric current, in regard ·to volume, intensity, duration, and a 
probable series of successive discharges, in some cases, within 
the same fulgurite (IV); and the difference of the rock-material 
in the three specimens, gneiss, andesite, and phonolite. 

In regard to the duration of a lightning-flash, it is under
stood not to have usually exceeded one hundred thousandth of 
a second (Sylvanus Thompson). The discharge is known to be 
oscillatory, surging back and forth, and even in many cases, like 
that observed by Professor Hallock, apparently persistent and 
continuous for: some moment!;!. Nevertheless, allowing for the 

Digitized by Google 



PHYSIOGRAPHY OF THE BOSTON MOUNTAINS, 
ARKANSAS I 

THE highlands of Arkansas lie in the northwestern part of 
the state, and comprise about half its area. They are divided, 
physiographically, into a north and a south part by the valley 
of the Arkansas River. They are also divided structurally into 
the same parts, the former being a region of horizontally-bedded 
rocks, somewhat disturbed by faulting and folding, while the 
latter, known as the Ouachita Mountains, is distinctly a folded 
region. 

This northern division of the Arkansas highlands, with its 
westward extension into Indian Territory, constitutes the south
ern part of the Ozark regi~n" In Arkansas, it is divided into a 
low and a high part, the former extending northward into Mis
souri, and passing, along its southern border, into the latter, by 
an irregular but bold escarpment from 500 to 1000 feet high. 

It is this latter region that is known in Arkansas as the 
Boston Mountains. Including that part which lies in Indian 
Territory, its total length is about 2 I 5 miles, about 170 of which 
is in Arkansas. Its average width approximates 35 miles. On 
the south, it passes into the valley of the Arkan'sas River by 
steep slopes, though less precipitous than those on the north. 

These mountains are by far the highest part of the Ozark 
region as well as the most picturesque. Their highest point, so 
far as determined, is some miles east of the town of Winslow, 
on the St. Louis and San Francisco railway, where the altitude 
is 2,250 fcet.3 From this region of highest elevation, they 

I Read before Section E of the American Association for the Advancement of 
Science at the Denver meeting. August 1901. 

• The Ouachita Mountains have been included by some writers with the Ozarks ; 
but because of the great structural and topographic differences in the two regions, to 
say nothing of the probable historic differences, this is manifestly wrong. 

3 Topographic map United States Geological Survey, Winslow quadrangle. 
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gradually fall off to the east, sinking below the Tertiary deposits 
just west of the S1. Louis, Iron Mountain and Southern railway 
and south of White River; also from this region of highest 
elevation, they fall off westward to the Grand River in Indian 
Territory! It will be seen that the east-west line along the 
crest of these mountains forms a gentle arch in the middle. 
Structurally, in the western part of Arkansas, these mountains 
are a broad, flat anticline, the strike of which is east and west. 
According to the geologists of the Arkansas Geological Survey, 
it appears that the extreme eastern part of the region is mono
dinal in structure, with the dip to the south." 

With the exception of the Illinois River in the western part 
of the state, the drainage of the region is northward and east
ward into White River, and southward into the Arkansas. The 
direction of the streams has been determined by the slopes 
incident to the uplift, modified in some cases by faulting and 
flexuring. The effect of the latter upon Little Red River and 
neighboring streams has already been noted by Professors New
som and Branner.3 The westward course of the Mulberry River 
has been determined by a fault. Detailed work of the region 
would doubtless disclose numerous other similar examples . 

. The drainage of the region is that intermediate between 
youth and maturity. The streams are vigorous, and have com
pletely dissected the plateau by the formation of gorges from 
500 to 1000 feet deep, thus producing a very rugged topog
raphy over the whole region. Between these gorges the slopes 
often meet, forming more or less rounded hills; but more fre
quently the intervening area is occupied by flat-topped, sand
stone-capped hills of limited extent. 

The tributaries of both the Arkansas and the White rivers 
have worked their way back to, and in many cases, far beyond 

I DR. N. F. DRAKE, in Proe. 0/ the Alii. Phil. Soc., Vol. XXXVI, No. 156, p. 332. 

• NEWSOM and BRANNER," The Red River and Clinton monoclines, Arkansas," 
Am. Gtolo~ist, Vol. XX, July 1897, pp. 1-13. 

R. A. F. PENROSE, JR., Ark. Gtolog. Surv., Vol. 1,1890; section with pocket map. 

SLoe. cit. 
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the original water divide of the plateau, making the water 
divide as it now exists, a very zigzag line. In the western part 
of the state, the south-flowing streams are the stronger, and as a 
rule are robbing the White River basin of territory in this 
locality. Further east, in the middle portion of the region, the 
north-flowing strearps are the stronger, and seem to be encroach
ing upon the drainage area of the Arkansas, while in the east
ern part, the south-flowing streams head very near the north 
escarpment of the plateau. 

The rocks of the region are mainly unmetamorphosed sand
stones and shales, those at the base being of Lower Carboniferous 
age, and those at the top belonging to the Coal-measure series. 
These alternating hard and soft rocks have produced the ter
races on the hill slopes, which are so characteristic of dissected 
regions of horizontal strata. As these terraces are often of con
siderable width, an'd are favorable horizons for springs, they are 
inviting to the farmer, and can be located miles away by the 
small farms on the mountain sides. 

The low region to the north of the Boston Mountains is one 
of great denudation. From its northeastern part, all the rocks 
have been removed above the Ordovician, leaving those exposed 
at the surface. West and south of this is a region from which the 
Upper Carboniferous rocks have been removed, leaving those of 
Lower Carboniferous age at the surface. Standing up promi
nently on the latter are numerous hills of circumdenudation, 
composed of remnants of the horizontal strata of the Boston 
Mountains, and serving as living witnesses to their former 
extent. The height of these outliers very closely approximates 
that of the plateau of which they were formerly a part. This 
uniformity in height between the various parts of the dissected 
Boston plateau and its outliers suggests a peneplain, and herein 
lies the physiographic problem of the region. 

In a region of folded or inclined strata the determination of 
a peneplain becomes a question of comparative ease, for in 
those cases denudation will have reduced both hard and soft 
strata.to practically the same level, the peneplain intersecting 
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strata of all degrees of hardness. But in the case of horizontal 
strata undergoing base-leveling, the conditions are quite differ
ent, for then the peneplain conforms to the hard stratum or 
strata that happen to be near sea level. If such a region 
be subsequently elevated, the streams are revived, the region 
dissected, and the former peneplain represented by the tops of 
the hills, which would still be capped by the hard strata that 
were conformable with the peneplain before the region was ele
vated. Now this is exactly the structural and topographic con
ditions of the Boston Mountains and their outliers. But it 
happens that these are also the structural and topographic con
ditions that would prevail in a region of horizontal strata that 
has been elevated from beneath the ocean and is undergoing 
the process of base-leveling for the first time. So the problem 
presents itself as to which condition prevails in the Boston 
Mountains, and unfortunately criteria for its solution are largely 
if not wholly wanting. 

Ordinarily, for the determination of a peneplain we look 
to the streams. In such cases, as is well known, the streams 
are winding, and flow in more or less steep-sided, symmetrical 
valleys, which are themselves cut down in wider valleys. In 
the Boston Mountains there is no such evidence of a peneplain. 
The streams of the region are all young, with the characteristic 
steep-sided gorges of such streams. So far as the writer has 
been able to observe, there is nothing in the region indicating 
an uplift since the present streams came into existence. Their 
valleys are relatively wide at their mouths, and gradually 
decrease in width back to their sources, as would be expected of 
streams cutting into a plateau of horizontal strata. The slopes 
are undisturbed by terraces, excepting such as those men
tioned above, which are due to structure. Along the southern 
base, the oldest of the streams have reached the temporary base
level of the Arkansas River, and meander somewhat, but none 
of them to any great extent. 

It follows that evidence of a former base-leveling, if there 
be such, must be looked for elsewhere than in the streams. A 
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recent writer' claims that the tops of the Boston Mountains 
represent a peneplain, and cites as evidence the fact that they 
correspond very closely in height with the Ouachita Mountains 
south of the Arkansas valley. This evidence is given on the 
assumption that the rather uniform height of these mountains 
represents a peneplain; but this is a hypothesis far from being 
established. Mr. L. S. Griswold, in his work on the novaculite 
region of Arkansas, encountered the problem of the noncon
formance of some of the main streams of the region to the 
structure and topography, to account for which he presents the 
theory of a post-Carboniferous base-level, on which was subse
quently deposited Cretaceous strata.' If the present writer 
correctly interprets Mr. Griswold, he believes the south-flowing 
streams, which form water-gaps in some of the highest moun
tains of the region, are superimposed streams, their courses 
having been determined by the slope of the Cretaceous area 
after elevation. Mr. Griswold does not claim that the evidence 
of this is conclusive. It is the opinion of the present writer, 
from somewhat limited observation, that the even crests of the 
Ouachita Mountains are due to structural and lithological con
ditions and not to base-leveling. But were it established that 
they represent a peneplain, the fact that the Boston Mountains 
closely agree with them in height does not argue a peneplain 
for the latter. The one is a folded area, and the other an area 
of horizontal rocks (Fig. 2). Erosion in the one has resulted 
in wide, anticlinal valleys through which flow sluggish streams, 
while erosion in the other is in its early stages. It would seem 
to follow that the time of elevation of the one region is far ante
cedent to that of the other, and consequently the correspon
dence in height between the two only accidental. 

If, however, we look to the north of the Boston Mountains, 
we find conditions which seem to throw some light upon the 
subject. As has already been said, this is a region of great 
denudation. Its general elevation is from 700 to 1000 feet 

'0. H. HERSHEY, Am. G~ologist, Vol. XXVII, No. I, pp. 2S ~t s~q. 

·Ar~. G~ol. Stlrv., 1890, Vol. III, pp. 220. 
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lower than that of the Boston Mountains. Its 
streams are mature, the valleys comparatively wide, 
and the topography in general presents the aspect 
of much greater age than that of the Boston Moun-

... ~ 'E tains. Professor C. F. Marbut, in discussing that 
~ part of this region which lies in Missouri,' claims 

that it was base-leveled in early Tertiary times, and 
the present cycle of erosion was instituted by an 
elevation which dates from middle or late Tertiary 
times. Be that as it may, the question as to whether 
the region to the north of the Boston Mountains 
ever suffered denudation to the extent of base-Ievel

If ing does not particularly concern us here. The fact 
';' of interest is that the denudation of the extensive 
i region to the north has been very great and the 
~ topography is old, while that of the Boston Moun
i tains is limited and the topography young. 
] It would appear that this difference in topogra-

phy cannot be attributed to the massive beds of sand
stone at the top of the Boston Mountains, for these 
same beds, while they have doubtless had a great 
deal to do with preserving the region, formerly 
extended over much if not all the denudated area to 
the north. Besides, if we attribute the preservation 
of these mountains to the character of the rocks com
posing them, we are encountered by the question as 
to why erosion has been so extensive to the north of 
the region, removing the rocks over a large area, 
leaving only here and there hills or circumdenuda
tion, while in the southern part adjacent to the Arkan
sas valley it has scarcely begun. 

I am able to account for the great difference in 
the stages of erosion in the two regions only by con
ceiving the Boston Mountain area to have been at a 
lower elevation than the area to the north during 

I Mo. G~o/. Surv., Vol. X, pp. 27-29. 
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the time the extensive denudation was going on over the lat
ter. So low must it have stood that the strata now composing 
their summits suffered but little erosion, while the same beds 
extending northward suffered much because of their greater 
height. If this be true, the actual amount of degradation 
suffered by the Boston Mountain region is indeterminable; 
but as there was more or less of it, and the region stood at a low 
level, it would be considered a peneplain. The elevation, which 
must have occurred in late Tertiary or in post-Tertiary time, 
was greatest along the present east-west axis of the plateau, 
gradually decreasing to the northward, and changing the region 
from a low, monotonous plain to a plateau approximating 2,500 

feet i 1 height, greatly modifying the former drainage and insti-
tuting that of the present. . 

Aside from the difference in topography between the region 
under discussion and the one to the north, the writer cannot at 
present claim very great support f~r the idea herein presented. 
There are, however, some other facts that seem to lend the 
hypothesis support. (I) The region being on the border of the 
Ozark uplift, it is probable that during the greater part of its 
history it lay at a low level and consequently suffered compara
tivel y little from erosion. (2) The outliers of the Boston 
Mountains to the north are as a rule lower than the main 
plateau, though capped by the same rocks, thus indicating an 
axis of elevation to the south of the outliers. (3) The eastward 
course of White River and its tributaries may be due to their 
having been diverted from what would seem a more natural 
southern course, at the time of the uplift. 

UNIVERSITY OF ARKANSAS, 

Fayetteville, Ark. 

A. H. PURDUE. 
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THE DISCOVERY OF A NEW FOSSIL TAPIR IN 
OREGON 

A FAIRLY complete phylogenetic series of early Miocene 
tapirs has been made known to science through the researches 
of Messrs. Wortman,' Earle, and Hatcher.· Between these 
ancestral forms, referable to the genus Protapirus, and the living 
species is a gap in the line of descent which has remained 
unbridged until the fortunate discovery of the form presently to 
be described. 

Our knowledge of the tapir phylum since the White River 
epoch may be summarized in a few words. In 1873, Dr. Joseph 
Leidy3 described under the name Lopkiodon oregonensis, two imper
fect superior molars obtained by Professor Thomas Condon at 
Bridge Creek, Oregon. Two species have been described by 
Professor Marsh,4 which he refers to the genus Tapiravus: T. rarus 
from the Loup Fork of the Rocky Mountains, and Tapiravus 
va/taUS from the Miocene of New Jersey. From the brevity of 
the description and the lack of figures, these species are prac
tically indeterminate. Remains of tapirs belonging to the exist
ing genus are known from the Quaternary gravels of California,s 
and have been described from several localities in the eastern 
states. 

During the summer of 1900, Professor John C. Merriam and 
Mr. V. C. Osmont, of the University of California, while collect
ing in the fossil beds of the John Day valley, Oregon, obtained 

'J. L. WORTMAN and C. EARLE, .. Ancestors of the Tapir from the Lower 
Miocene of Dakota," Bull. Am. Mus. Nal. Hisl., Vol. V, p. 159 . 

• J. B. HATCHER, .. Recent and Fossil Tapirs," Am. Jour. Sci., 4th ser., Vol. I, 
p. 161, 1896. 

lU. S. Geol. Surv. of the Territories, Vol. I, p. 219, PI. II, Fig. I. 

40. C. MARSH, Am. Jour. Sci., Vol. XIV, p. 252,1877. 

5 J. D. WHITNEY, .. Aurif. Gravels," Mtm. Mus. COIIIP. Zool., Harvard, Vol. VI, 
p. 250; W. P. BLAKE, Am. Jour. Sci. Vol. XLV, p. 381. 
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the bones which form the subject of the following discussion. 
The remains are from the Promerycochrerus horizon (Upper John 
Day) exposed on the bank of the John Day river, beneath the 
Columbia basalt, to the west of Spray post-office, Wheeler 
county, Oregon. In a recent paper,' Professor Merriam named 
the beds of the Upper John Day the Paracotylops beds, basing 
the name on the new genus Paracotylops, proposed in the same 
paper by Dr. W. D. Matthew for the typical Oreodonts of this 
horizon. In the numbers of the American Journal of Science 
for last December and January, a paper by Mr. E. Douglass 
appeared in which these Oreodonts were provisionally named 
Promerycoclt(J!rus. Neither Professor Merriam nor Dr. Matthew 
read this article before the publication of Professor Merriam's 
paper, and consequently did not notice the new name. It now 
appears that Promerycoclt(J!rus should be retained as a generic 
name, and consequently, at Professor Merriam's suggestion, the 
name of the beds of the upper division has been changed from 
Paracotylops to Promerycochrerus beds. 

The type specimen (No. M 934, Univ. of Cal. Pal. Mus.) 
comprises several superior incisors; the lower jaw lacking the 
posterior portion, with representatives of all the inferior denti
tion excepting the canines and the third molar; the proximal 
portion of the left humerus; the left radius; the scaphoid, lunar, 
magnum, and unciform of the right carpus; three metacarpals of 
the same side, and a few phalanges. The bones are those of a 
single individual of a new species of the genus Protapirus, for 
which the name Protapirus robustus is proposed. It is consid
erably larger than any of the White River species of Protapirus, 
and would approximate in size the most specialized living tapir, 
Elasmognatltus bairdit'. The lower jaw is represented about one
half natural size in Fig. I. The symphysial region was found 
in place, imbedded in a buff colored tuff so characteristic of the 
Upper John Day beds that the expression "buff beds" was used 
as a convenient field term for this horizon. The other bones lay 
loose on the surface in the immediate vicinity . 

• " A Contribution to the Geology of the John Day Basin," Bull. Dtpt. Gtol., U. of 
Cal., Vol. II, NO.9, p. 296; JOUR. GEOL., Jan.-Feb., 1901, p. 72. 
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Tlte delltition.-The superior incisors are larger than the cor
responding teeth in Elasmog'1Ultltus bairdii. The inferior incisors 
are slightly smaller than the superior. Both series have the 
crowns somewhat cupped, especially so in the superior incisors. 
The first and second inferior incisors are of equal size, while the 
third is two-thirds as large as those preceding it. The crowns 
of both canines are broken off, but the diameters of their roots, 
measured on the alveolar borders, are greater than the corre
sponding parts of the larger incisors. A long diastema succeeds 
the canines. The premolars have their anterior cusps united 
into transverse ridges, slightly notched at the summit. In all 

FIG. I. 

except the second premolar, the ridges are perpendicular to the 
long axis of the jaw. They are equally developed on the third 
and fourth premolars. Posterior cross crests are not developed 
on any of the premolars. In the second premolar, the proto
conid is larger than the deuteroconid and is situated farther for
ward than the latter. In the succeeding premolars, these cusps 
are of the same size and are situated directly opposite each 
other. The tetartoconid of the premolars is smaller than the 
metaconid. The latter cusp is united with the inner side of the 
base of the protoconid by a ridge. This structure is also found 
in the molars, all of which have two cross crests. The posterior 
crest in the first and second molars is somewhat oblique to the 
axis of the jaw. The third molar is too imperfectly preserved 
to describe. Anterior and posterior cingula are present on all 
the molars and premolars. Traces of an external cingulum are 
found at the outer end of the transverse valley in all except the 
second premolar. In this tooth the paraconid is very large, 
uniting by a ridge with the protoconid. In the remaining pre
molars the paraconid is replaced by a style rising but little above 
the level of the anterior cingulum. 
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The jaw.- The inferior border of the jaw is parallel with the 
alveolar border. The symphysial portion rises at a low angle, 
much less than in the tapir. The flatness of this angle is perhaps 
due in part to. a slight amount of crushing which the specimen 
has sustained. The posterior border of the mental foramen is 
directly below the anterior border of the second premolar. 

The fore limb.-The humerus and radius have about the 
same shape as in the tapir. The deltoid ridge of the former is 
broken off, so that it is impossible to say whether it was hooked 
or not. The shaft of the radius is more strongly curved than 
the corresponding element in Protapirus validus as figured by 
Hatcher,' but a part of the curvature may be due to distortion. 
The carpus does not call for special description, not differing 
materially from that of Protapirus obliquidens. W. & E. The ante
rior contact of the lunar and magnum is still small, as in the 
White River species. There were four digits in the manus, the 
length of metacarpals Ill, IV, and V being about the same as in 
E. baird,·i, but less robust. In shape they correspond closely with 
the metacarpals of the latter, except that the proximal portion 
of the fifth is inclined at a greater angle to the shaft of the bone 
than in the living form. The phalanges, which are of the second 
row, are shorter and less robust than those of the tapir. 

Pltylogenetic position.-The remains just described indicate an 
animal much larger than any of the White River species of the 
same genus. The structure of the molars and premolars suggests 
Protapirus validus as a probable ancestor. There are, however, 
several differences. In addition to the considerable difference 
in size, the third premolar of P. robustus has the anterior cross 
crest vertical to the long axis of the jaw, while in P. validus it 
is somewhat oblique. The diastema, as in P. validus, is shorter 
than in Elas,,!ognathus, while the mental foramen has moved 
slightly posterior to the position it occupies in the White River 
ancestor. Gradations between the two types probably occur 
among the as yet unknown tapirs of the Lower and Middle John 
Day. 

I Loc. cit., p. 167, Fig. I. 
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MEASUREMENTS OF PROTAPIRUS ROBUSTUS 

Length of inferior molar-premolar series 
Length of inferior premolar series 
Length of inferior molar series (approximate) 
Length of diastema 
Length of symphysis measured on lower side 
Depth of ramus below alveolus of Pm. 2 -

Depth of ramus below alveolus of Pm. 4 
Depth of ramus below alveolus of M. 3 
Length of radius 
Breadth of proximal end of radius 
Breadth of distal end of radius 

128 to I30 mm 

-60 

70 

- 46 

71 
- 48 

49 
- 43+ 

181 

- 45 
39 

In this connection, may be mentioned a second specimen, 
(No. M 1525 University of California Pal. Museum), representing 
probably another new species, obtained by the writer in the 
uppermost beds of the John Day system, on Johnson Creek, 
Grant county, Oregon. The horizon is considerably higher than 
that from which Prolapirus robustus was obtained, and appears to 
be faunally distinct. It is characterized by the remains of 
numerous individuals of a camel belonging to the genus Pro
tomeryx and by a rodent generically new. The tapir remains are 
of a young animal and are not complete enough to characterize 
specifically. They comprise fragments of a jaw with which three 
incisors and the second inferior premolar are preserved. The two 
large incisors, apparently the inferior median pair, are two-thirds 
as large as the corresponding teeth in P. robustus. They are 
spatulate in shape and slightly cupped. The anterior face is 
marked by delicate growth lines. The third incisor is an exceed
ingly small tooth with the crown 3}-mm broad. Imperfect preser
vation of the symphysial region renders it impossible to make 
any statement regarding the canine. The second premolar of 
the right side is the only one of the cheek teeth perfectly pre
served. This tooth is entirely unworn, and was just appearing 
through the gums at the time of the animal's death. In this 
tooth, the tetartoconid is much larger than in P. robuslus and the 
junction of the metaconid with the tetartoconid is much more 
complete, forming a cross crest but slightly notched. A ridge 
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joins the former cusp with the middle of the anterior cross crest. 
The protoconid is considerably anterior to the deuteroconid and 
as in P. robustus is united with the paraconid by a ridge. The 
anterior cross crest is sharply notched, but this structure would 
probably assume the character of the anterior cross crest in 
P. robustus with the wearing down of the deuterocone by use. 
External cingula appear at the outer margin of the median valley 
and on the external side of the paraconid. A posterior cingulum 
is also developed. 

MEASUREMENTS 

Width of the crown of first inferior incisor 9t mm 

Width of the crown of third inferior incisor - 3t 
Lenglh of the first premolar crown, antero-posteriorly - I5t 

PALtEONTOLOGICAL LABORATORY, 

University of California. 

WM. ]. SINCLAIR. 
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GLACIAL WORK IN THE WESTERN MOUNTAINS 
IN 1901.1 

DURING the season of 1901 some time was given to the 
study of Pleistocene problems in the western mountains. Four 
small parties, beside the writer, were in the field. The work of 
three of the four parties was the somewhat detailed study of 
selected areas, and was intended to make known the general 
conditions of glaciation at several somewhat widely separated 
localities. When a sufficient number of selected areas have 
been studied similarly, the results will afford a basis for p~e
liminary conclusions concerning the course of Pleistocene his
tory in the western mountains, and will be helpful in guiding 
future work. The work of this summer was intended as the 
beginning of study looking to this end. 

The writer spent about six weeks in the region, mostly in 
association with the parties referred to. One party was in north
western Montana, east of the Rockies; one farther west, on the 
western side of the Rockies, in northwestern Montana, northern 
Idaho. and eastern Washington; one in the Wasatch Mountains; 
and one in the mountains of New Mexico, a few miles northeast 
of Santa Fe. 

The following brief summary will give some idea of the 
work done: 

NORTHWESTERN MONTANA, EAST OF THE ROCKIES. 

Mr. Fred H. H. Calhoun, accompanied by Mr. Bruce 
McLeish, spent three months in the northwestern part of Mon
tana. The area studied, some 8000 square miles in extent. lies 
just south of the 49th parallel, and just east of the Rocky 
Mountains. It is the area in the angle between the Continental 
ice sheet from the northeast, on the one hand, and the Cordil
leran ice sheet from the northwest, and the mountain glaciers 
from the west, on the other. 

I Published by permission of the DIrector of the ll. S. Geological Survey. 
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The moraine formed by the northeastern ice sheet of the 
Wisconsin epoch was traced from Fort Benton, via Choteau, to 
the point where it crosses the 49th parallel, about longitude 
112 0 20" From this point the moraine bends to the west and 
continues in this direction to the Watertown River, where it 
turns to the north, its course being nearly parallel to the moun
tains. 

The moraines of fourteen glaciers from the Rocky Mountains 
were mapped. The recessional moraines of both the valley and 
continental ice masses were studied as far as time permitted. 
Study was also made of the extent of valley trains and out-

• wash plains, and of the lakes which existed in front of the ice 
during the glacial period. 

Among the results of the work, the following may be men
tioned: 

1. The westward and southwestward extension of the Wis
consin drift is greater than had been supposed. 

2. The till of the northeastern ice sheet and that of the moun
tain glaciers overlap just south of the 49th parallel, between the 
meridians of 1 13 0 10' and 1 13 0 15'. At no other point south 
of the boundary line did the ice from opposite directions 
occupy the same territory; but in Two Medicine Valley (lati
tude 48 0 30') the ice from the east advanced to within two 
miles of the position occupied at an earlier time by the ice 
from the mountains . 

. ~. The ice sheet from the northeast reached its most 
advanced position after the valley glaciers from the west had 
retreated, for the drift of the former overlies the drift of the 
latter at various points, both north and south of the national 
boundary. In some cases the till from the northeast overlies 
the till from the west. This is true in the locality mentioned 
under 2, and farther north in the valleys of St. Mary's River, 
Belly River, and Lees Creek. In other places the till from the 
east overlies fluviatile deposits connected with the western drift, 
but extending down the valleys some miles beyond (east of) the 
ends of the mountain glaciers. In still other cases lacustrine 
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THE FORMATION AS THE BASIS FOR GEOLOGIC 
MAPPING 

IN a recent number of this JOURNAL Mr. Bailey Willis, in a 
paper on .. Individuals of Stratigraphic Classification," has 
restated and rediscussed the problem which must be solved 
before cartographic work of any magnitude can be planned. 
This problem involves a careful consideration of the relative 
weights to be assigned, in any system of classification to be 
used on geologic maps, to faunal, lithologic, and chronologic 
(successional) characters. Mr. Willis discusses the question in 
its various aspects, and his final decision is that the lithologic 
unit (formation) is best adapted to the requirements of the car
tographer. 

While agreeing, in Ihe main, with the conclusions reached 
by Mr. Willis, it seems desirable to ca~l attention to certain 
arguments, not specifically mentioned by him, which may be 
adduced in support of those conclusions; and, further, to exam
ine the results of the application of the proposed system of 
classification to some particular cases of interest. 

Before commencing the discussion of this question I wish to 
acknowledge my indebtedness to Dr. F. J. H. Merrill, director 
of the New York State Museum, who has greatly aided me, with 
both criticism and advice, during the preparation of this paper. 

THE NECESSITY FOR UNIFORMITY 

Though the formation, defined primarily by lithologic char
acters, was officially adopted in 1889 as the cartographic unit of 
the United States Geological Survey, in practice it has not 
entirely superseded other units of classification. Great variety 
exists in the practice of the various state geological surveys, as 
is indicated by their official maps; and greater variety, as might 
indeed be expected, in unofficial maps accompanying papers on 
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areal geology, even though the authors be connected with sur
veys whose official practice is uniform. 

In considering the representation on a map of the geologi
cal features of a small, isolated area, the question of the taxo
nomic unit to be employed is usually of minor importance i 
though even in this case, as shown later, there would seem to be 
good reasons for the adoption of the lithologic individual as 
this unit. The interest attaching to this question increases 
directly with the size of the area to be mapped; and the prob
lem becomes of paramount importance when the independent 
work of several geologists is to be combined, as in the compi
lation of a geologic map of an entire state or other large area. 

In view of these facts, and of the slow but steady spread of 
the geologic-folio work carried on by the United States Geologi
cal Survey, it would seem necessary that the vario.us local sur
veys should adopt the same general system of classification for 
map work. In the present state of our knowledge, detailed 
chronologie classification, the unit for which would be the 
epoch' of earth-history, is impossible i and the problem of unifi
cation is therefore resolved into the choice between two alterna
tive systems, based respectively upon biologic and lithologic 
characters. In the opinion of the writer a geologic survey, 
whether state or national, can best accomplish the work for 
which it is intended by adppting as its cartographic and taxo
nomic unit the fOt:mation, defined as a lithologic individual. 

THE RELATIVE SCIENTIFIC VALUES OF BIOLOGIC AND 

LITHOLOGIC UNITS 

For the purposes of the present discussion it is necessary to 
point out that our knowledge of the two histories (i. e., of sedi
mentation and of life), so far as that knowledge can be expressed 
on maps, is decidedly different in grade. The present phase of 
earth-history may be examined for a determination of the truth 
of this statement. We can map without difficulty the topo
graphic features of the earth; and the possible accuracy and 

• The word epoch is here used in an entirely general sense. 
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precision of such mapping is limited only by the consideration 
of expense. Moreover, we are able in most cases to discuss 
topographic features in terms of causality. 

With regard to the present biologic condition of the earth 
our knowledge is much less definite. Mapping the distribution 
of existing faunas or floras is not practicable in the present state 
of our knowledge of biotic' distribution, except in a very gen
eral way; anything like a detailed map is impossible. This con
dition is due partly to the expense of collecting sufficient data 
on the range of the different species of plants and animals. 
Most of the difficulty, however, arises from the fact that the 
principles underlying and regulating animal and plant distribu
tion are still far from being well understood, though of late 
years great advances have been made in that direction. 

If our knowledge is thus imperfect with regard to the e~ist
ing biota,' our knowledge of the facts and causes of its distribu
tion during past ages is still less definite. It is noteworthy that 
two of the most successful attempts' to account for biotic 
distribution and evolution in periods antedating the present 
have been the work of geologists specializing in physiographic 
work, a branch which neces!>itates lithologic rather than biologic 
discrimi nations. 

Obviously, the paleontologic record must always be more 
defective than the lithologic; for fossils are not always found 
where rocks are exposed. In addition to gaps-occurring because 
of local lack of fossils, two periods are particularly incapable of 
being treated on a biologic basis; one immensely long period at 
the commencement of geologic history, and one short but highly 
important period immediately preceding the beginning of written 
history. 

With regard to the relative values of the biologic and litho
logic units as measures of absolute time, the case is somewhat 

I Biota = the sum of the fauna and flora of a region. Cf. STE]NEGER, A",mca" 
Natr4ralisl, February 1901, p. 89. 

• T. C. CHAMBERLIN, .. Systematic Source of Evolution of Provincial Faunas," 
JOURN. GEOL., VI, pp. 597-608, 1898. J. B. WOODWORTH, .. Relation between Base
leveling and Organic Evolution," American Geologist, XIV, pp. 209-235, 1894. 
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in favor of the latter unit; for the relation existing between 
time taken in deposition and thickness of formation is much 
more traceable than that between extent of variation and time 
taken in evolution. 

In considering the adoption of a basis for geologic mapping 
the biologic unit has, therefore, no antecedent claim to special 
consideration on scientific grounds; and its value can be com
pared directly with that of the lithologic unit in regard to their 
relative practicability and utility. 

THE RELATIVE PRM:TICABILITY OF THE TWO SYSTEMS 

A lithologic unit can usually be so described and defined as 
to be readily identified by any future worker in the same or an 
adjoining area through which the formation extends. 

It should also be noted that all geologists substantially agree 
upon the use of the terms in which lithologic individuals are 
defined, and will consequently agree closely in their valuation 
of any series. "Limestone,"" sandstone," "slate," II conglom
erate," all have fairly definite meanings, and it is improbable 
that terms such as these are used in very different senses by 
different geologists. The biologic unit, on the other hand, is 
rarel y capable of being so described or defined as to be accepta
ble to all paleontologists. The difference is that the lithologic 
individual is a fact; the biotic individual, as commonly described, 
is a fact plus an interpretation; and while there may be sub
stantial agreement as to the facts in any given case, it is but 
rarely that the interpretations will coincide. 

The Hudson formation in the vicinity of Albany, N. Y., pre
sents an excellent example of some of the practical difficulties 
encountered in attempting to represent faunal distinctions on a 
map; and a brief sketch of the conditions may be of interest in 
the present connection. 

The II Hudson River group" of the earlier classifications
the" Hudson formation" of the present system of nomenclature 
-comprises in the central portion of the Hudson River valley, 
where it !s best developed and exhibited, a thick and extensive 
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series of shales, with interbedded sandstones and occasional 
thin beds or lenses of limestone. This series is well shown 
along the banks of the Hudson River, extending almost uninter
ruptedly from Fort Edward to Cornwall. Faunal differences 
justify the paleontological division of the "group" into four 
stages, of which the two lower carry a fauna which would corre
late them with the Trenton (using that term in its paleonto
logical significance), while the other two represent respectively 
the Utica and Lorraine beds of the Mohawk valley. This divi
sion into stages, however, is and must be largely theoretical, for 
it cannot well be carried out in practice on a map. Fossils, 
especially of species which can be regarded as of taxonomic 
importance, are neither profusel y nor regular! y distributed 
throughout the beds in question. Outcrops carrying character
istic fossils are too few and far between to warrant mapping the 
area, on a paleontological basis, on any large scale. The litho
logic differences which occur in the group have no stratigraphic 
or cartographic value, being too slight and variable to admit of 
separate representation on a map. 

Modern geologic mapping, especially if the base of the map 
is to be a topographic atlas sheet, ill order to make adequate 
returns for the expense involved, must be accurate within the 
limit fixed by the scale of the map. 

The production of a geologic map is necessarily accom
plished by the exercise of two functions, observation and 
inference. Observation involves the location of outcrops and 
lithologic boundaries with reference to fixed points in the con
trol of the map, and is therefore purely a matter of engineering. 
The exercise of the function of inference is necessary in order 
to indicate the positions of boundaries concealed by superficial 
material. Inferences in relation to such matters are dependent 
for their accuracy on tht: training and judgment of the geologist; 
his appreciation of the relations existing between structure and 
topography, and his knowledge of the geometric effects of dip, 
pitch, etc., in determining the position, both horizontal and ver
tical, of a concealed boundary line. 
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Other things being equal, the determination of the altitude 
and geographic position of a given point is dependent upon the 
engineering skill of the observer; and the cartographic unit to 
be employed does not seriously affect this phase of the work of 
mapping. With regard to inference, however, this is not the 
case. No necessary relation exists between a biologic unit and 
the topography or structure of the area in which it occurs. On 
the other hand, topography, structure, and the lithologic unit 
are in general closely related. Recognition of these relations 
makes it possible to draw inferences concerning the position of 
the concealed boundary of a lithologic unit from the geologic 
structure and topography of the area discussed. 

THE RELATIVE UTILITY OF LITHOLOGIC AND BIOLOGIC MAPS 

A lithologic unit is normally also an economic unit, whereas 
there is no necessary relation between the biologic unit and the 
economic importance, or lack of importance, of the rocks con~ 
taining a given biota. Though this argument may be regarded 
by some as of less weight than one based on purely scientific 
grounds, it is nevertheless valid, as applied to the question under 
discussion. I t should not be forgotten that no geologic survey 
has ever been instituted, save for economic reasons; that the 
chief argument that can be used to obtain state support for such 
surveys is the direct :econom,ic rc:turn to the public; and that 
simple justice demands, in return for this support, that the geo
logic results obtained be placed in such a form as to be of the 
greatest possible use to that public. 

The lithologic unit is also generally related to geographic 
forms in a very definite manner, as well as to geologic structure. 
The effects of these relations upon the actual work of mapping 
have been discussed. Here it is only necessary to point out 
that both topography and structure are often of economic 
importance. A map based on a unit which bears some definite 
relation to them is, therefore, of greater val ue from an economic 
standpoint than if the unit be one not so related. 
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THE DIFFICULTIES IN MAPPING ON THE LITHOLOGIC BASIS 

Difficultie& will certainly be encountered in mapping any 
large area on a lithologic basis, but these difficulties will arise 
rather from differences In the interpretation of the rules for the 
nomenclature of the units than from any defects in the system 
itself. Certain cases of interest in this connection are discussed 
below: 

Case I.-The case is that cited first by Mr. Willis (p. 563). 
A shale passes along the strike into a limestone which retains 
identical stratigraphic associations. " Being exactly continuous 
stratigraphic units, they should retain the same geographic name 
on grounds of convenience and simplicity." Considered as a 
stratigraphic unit, the two would be discussed as the "X" 
formation. In order to preserve all the advantages of the litho
logic system of classification, however, the limestone phase 
should be differentiated, in both discussion and mapping, from 
the shale phase; their respective names being then the "X" 
limestone and the II X" shale. The term II phase" seems to 
serve a useful purpose in this connection, and the present writer, 
therefore, proposes it for use in marking variations of sedimenta
tion or of metamorphism within the stratigraphic unit. When 
used later in this paper, it will be with this restricted and 
definite meaning. 

This case is illustrated excellently in New York state and 
western New England, in this example the phases representing 
variations in metamorphism. The Hudson shales of the central 
part of New York state are progressively metamorphosed to the 
eastward, becoming first slates and then mica-schists. The 
schistose phase has been called, in Massachusetts, the" Berk
shire schist;" in southeastern New York, by Merrill, the" Man
hattan schist," while Dale has described the intermediate 
phases as " Hudson slates." Throughout the entire area, though 
differing thus in character because of variations in metamorphic 
action, the rocks are essentially continuous stratigraphically; 
and recognition of this fact has led to the recent proposition to 
eliminate the names Berkshire and Manhattan, and denote the 
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various phases of the Hudson formation by the term" Hudson 
shale," "Hudson slate," "Hudson schist." This system of 
nomenclature, while recognizing the essential stratigrapic equiva
lence and continuity of the various phases, allows these phases 
to be discriminated from each other on lithologic grounds. On 
maps this discrimination can best be shown by the use of some 
of the various overprints used to denote metamorphism. 

Case 2.-The second case noted by Mrs. Willis is that of a 
" shale grading into a limestone with prolonged overlap, so that 
the two rocks must be discriminated in one area. Not only 
are they lithologically different but they have different strati
graphic associations, and they should receive distinct" forma
tional names. As noted under the preceding case, this is the 
condition which usually obtains where there is a horizontal 
gradation in character of sedimentation. The writer believes 
that Mr. Willis has here suggested the proper treatment of the 
question, but wishes to point out an actual case of some areal 
importance in which this ruling has not been followed. 

The example occurs in the northwestern part of Massa
chusetts. To the west of Hoosac Mountain, the Cambrian 
quartzite is overlaid by Stockbridge limestone and this in turn 
by Hudson (Berkshire) schist; on and east of the mountain the 
limestone does not appear. It has been generally assumed that 
the schist of the mountain represented both the Berkshire schist 
and the Stockbridge limestone, and the name .. Hoosac schist" 
has been applied to it in several publications. 

What the writer wishes to point out is that, under the pro
posed rules, the name at present used for one of those forma
tions would seem to be untenable. For, if the eastern (Hoosac) 
schist represents both the Berkshire schist and Stockbridge lime
stone, the case becomes the same as 2, and in that case all 
the schist should be called Berkshire and all the limestone 
Stockbridge. If the transition be considered sudden, then it 
exhibits a slight modification of case 3, and still all the schist 
is Berkshire schist and all the limestone Stockbridge limestone. 
If the relations at Hoosac Mountain be referable to overlap, 
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of the earlier ice epoch with the earlier wide extension of the 
Bonneville waters cannot as yet be asserted, although the ,data 
at hand strongly suggest the contemporaneity of the early 
expanded stage of Lake Bonneville and the early glaciation. 

THE MOUNTAINS NEAR SANTA FE 

Messrs. John E. Webb and William A. Averill spent 
about one month in the mountains of New Mexico, a few miles 
northeast of Santa Fe. The area studied was the Santa Fe 
range of the Rockies, which traverses the northeastern portion 
of New Mexico, running in a general north-northeast, south
southwest direction through the adjacent parts of Santa Fe, Rio 
Arraba, Mora, and San Miguel counties, between the parallels of 
35° 45' and 36°, and the meridians 'of 105° 35' and 105° 50'. 
The aggregate area comprises about 250 square miles. 

The height of the range in the area studied varies from 7000 
feet to 13,306, feet, the latter being the altitude of the highest 
of the Truchas peaks. The altitude which seems to have been 
necessary for the generation of glaciers was 1 1,700 to 12,000 
feet. The following peaks attained the requisite height: Lake 
peak, 12,380 feet; Baldy peak, 12,623 feet; Pecos Baldy (Cone 
peak?), 12,550 feet; Jicarilla peak, 12,944 feet; and the 
Truchas group, the highest peak of which is 13,306 feet. Clear 
evidence of glaciation was not seen on lower peaks, though it 
cannot be said that many of the lower peaks were studied in the 
detail necessary to demcnstrate the complete absence of glacia
tion. 

Heading against these peaks and their connecting ridges, 
fifty cirques bearing evidences of glaciation were observed. 
Neve fields, with incipient motion, existed at some points where 
well-formed glaciers did not develop. Sixteen of the cirques 
are in the group of mountains (Lake, Baldy, and associated 
ridges) at the head of Santa Fe Creek; seven in the Pecos Baldy 
group; twelve among the Truchas peaks; and fifteen about 
Jicarilla peak, and the ridge between it and the Truchas peaks. 
Of these cirques, twenty-five open toward the east, thirteen 
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toward the north, seven toward the south, anti five toward the 
west. The cirques range from one-fourth of a mile to two miles in 
width, and from one-eighth of a mile to two and one-half miles in 
length, and from ISO to 1000 feet in depth. Most of them con
tain lakes or ponds, some of them as many as six, and almost 
all contain fiats or bogs, indicating the former existence of 
standing water, where there is none now. The total number of 
ponds and lakelets seen was about eighty. Since they were seen 
in the rainy season, the number of permanent bodies of stand-
ing water may be less. . 

The longest glacier track studied is in the valley of the Santa 
Fe Creek. The ice emanating from three cirques united to form 
a single glacier which Messrs. Webb and Averill think extended 
some seven miles down the valley, its lower end reaching down 
to an altitude of about 9200 feet, the lowest altitude, so far as 
seen, to which the ice descended. The largest area of glacia
tion from a single source is that on the east side of the Pecos 
Baldy group, in the valley of Jack's Creek, while the largest 
continuous area of glaciation (to which the ice from several 
sources contributed) is that along the group of mountains at the 
head of Santa Fe Creek. 

The moraine matter left in the cirques, and in the valleys 
below them, often has a pronounced hummock-and· hollow 
topography. Its composition varies from point to point. The 
chief accumulations are in the bottoms of the valleys. The 
morainic matter is often disposed in ridges most commonly 
roughly parallel to the axes of the valleys and to the direction· 
of ice movement, but often oblique or even at right angles to 
this direction. 

Stria! were found on roches moutonnees in several places, while 
sm(\othed and polished rock surfaces are of frequent occur
rence. 

The higher ridges and peaks of the glaciated regions are 
serrate, but serrate crests are confined strictly to the higher 
parts of the range. Serration often characterizes the tops of the 
mountains, on the sides of which the glaciated cirques lie. 
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OTHER OBSERVATIONS . 

In addition to the foregoing work, some further data were 
gathered at several points, touching Pleistocene geology in the 
West. It was found that loess has somewhat extensive devel
opment in eastern Washington and northeastern Oregon, though 
its limits were not determined. It is widespread in Douglas, 
Lincoln, Whitman, Columbia, Walla Walla and probably Spo
kane counties, Washington. It is very generally .. distributed 
over the northern part of Umatilla county, Oregon. In geo
graphic distribution it seems to correspond, in a general way. 
with the great wheat belt of the states mentioned. In topo
graphic distribution, it has the general habit of the corre
sponding formation in the Mississippi basin; that is, it has a 
preference for considerable elevations. So far as seen, how
ever, its disposition to follow streams is less pronounced than' 
in the Mississippi basin east of the Missouri. 1 ts variations 
in composition and structure, too, are similar to those of the 
loess of the interior. Its thickness is very variable, and for 
the most part undetermined, but locally it is at least twenty
five to thirty feet thick, and its maximum is probably consider
ably more. In many places, as at Bolles Junction (Walla Walla 
county), it abounds in calcareous concretions of the usual loess 
type. In other places, as at Alto (Columbia county), it assumes 
the columnar structure, so characteristic of the loess of some 
other localities where the formation is well known. In many 
places, it constitutes the entire mantle rock. In some places it 
is associated with sand, which may be either beneath it or inter
bedded with it; and in other localities it contains considerable 
beds of volcanic ash. The sand and volcanic ash associated 
with it are sometimes distinctly stratified. In some cases, the 
stratification is clearly the work of wind, but in others this was 
not evident. The impression gained was that much of the loess 
seen is of eolian origin. 

Observations on glaciation were made at several points, aside 
from thJse enumerated in the preceding pages. Data sufficient 
for the intelligent direction of future Pleistocene work were 
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gathered for a number of localities where detailed work in the 
near future seems desirable. In addition to preliminary studies 
of this sort, glaciation was found to have occurred in some 
localities from which it has not heretofore been reported. For 
example, it was found that glaciers affected the north slope of 
both the Spanish Peaks of Colorado. These mountains, 12,708 
and 13,623 feet high respectively, appear to have represented 
about the limiting conditions for glaciation, for the glaciers of 
both mountains were small, and confined to their northern 
slopes. One of the limiting conditions here was doubtless the 
small area which could serve as a catchment basin on either 
peak. Had the areas of these mountains been larger, more 
considerable glaciation would doubtless have been developed at 
this altitude. 

It was found, among other things, that the detailed study of 
glacial problems will locally have an important economic bear
ing. An extensive placer mining plant is being established at 
Breckenridge, Col., to wash the glacial moraine matter of the 
Blue River valley, and the gravels of the valley train below. 

ROLLIN D. SALISBURY. 
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Preliminary Description of tlte Geology and Water Resources of the 
Southern ItalJ of tlte Black Hills and Adjoining Regions in South 
Dakota and Wyoming. By N. H. DARTON. [Extract from 
the Twenty-first Annual Report of the U. S. Geol. Surv., 
1899-1900, Pt. IV, Hydrography; pp. 489-599; Plates 
LVIlI-CXII; Washington, 1901.J 

THE topics discussed in this paper are topography, stratigraphic
geology, geologic structure, geologic history, water resources, minerals, 
soils, climate and timber. The Black Hills rise out of the Great 
Plains as a small group of forest covered mountains several thousand 
feet high. Their central area, composed of mountains and parks, is of 
crystalline schists and granites. Bordering the old rocks is a belt of 
limestone plateaus surrounded in turn by the Red Valley, a depression 
resulting from the etch ing out of a layer of softer rock - the Spearfish 
formation of Triassic age. Beyond the valley and concentric with it 
is the hogback range, due to a hard sandstone not weathered down. 
Still farther outward are the Plains. Careful descriptions of the litho
logic characters and the distribution of each formation follow; in 
fact the paper is descriptive rather than theoretic, but does not fail to 
call attention to broad features and to make generalized statements. 

The oldest sediments are Cambrian. They are probably of later 
Cambrian time and give one more item of evidence leading to the con
clusion that Cambrian time was one of extensive submergence. Here 
Cambrian sands were deposited along seashores and in estuaries with 
gradual submergence and probable ultimate covering of the crystallines 
with sediments of this age. The chief evidence is the presence of fine 
grained deposits in the Upper Cambrian such as are not formed near 
land. At present no Silurian or Devonian strata occur. The reason 
is problematic. Either there was no deposition or else little deposition 
and subsequent removal. Carboniferous time began with deep water 
and marine conditions, and was consummated after the laying down 
of 800-1000 feet of rock. Triassic and Jurassic are both present and 
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distinguishable because an abrupt change in the character of the sedi
ments and some erosion occur at the top of the former. Cretaceous 
sediments have accumulated to the thickness of about 6000 feet and 
consist largely of shales with some sandstone and a little limestone. 
Tertiary rocks represented hy the White River formation are mostly of 
clay j fuller's earth, sand, limestone, and grits occur. Still later 
deposits are classed under earlier and later Pleistocene beds. 

The structure of the region is that of an elongated low dome with 
anticlinal wrinkles or spurs running off from the central area. The 
maximum uplift was north of Harney's Peak and amounted to 9000 

feet. 
One of the most admirable features of this paper is the abundance 

of real geographic material embodied in it. The region described is 
one of submaturely dissected, domed mountains in which all the sedi
ments have been removed from the central portion leaving subdued 
hills and broad parks of crystalline rocks. The concentric arrange
ment of the different formations is due to the uplift and to the pro
cesses of erosion which though sim ilar for all strata, have been much 
more effective in reducing some than others. Soft layers are found 
etched out, hard layers standing up, but each and everyone has its 
peculiar forms. Thus geography follows stratigraphy. 

Attempts by the author, more or less successful, to reconstruct the 
geography of the locality at different periods and to follow it throngh 
its phases, are persistently made, and they yield an interesting element 
in the work. In this connection there is a contour map showing the 
present relief of the upper surface of the Dakota sandstone over a part 
of the area. This kind of work forms a very desirable feature. 

'The considerable eastward dip away from the Black Hills, where 
most of the formations outcrop, together with other necessary features, 
gives good artesian conditions to this region. Many wells' reaching 
the Dakota and Lakota sandstones flow with good water. The scanty 
rainfall on the plains eastward renders these wells very useful. Many 
streams diminish or cease by sinkage when they cross the sands. 
Along Cheyenne and Fall rivers there is some opportunity for Irrlga· 
tion - good bottom lands and reservoir space, with fair water supply. 

Soils are mostly residuary from underlying rocks. Overplaced soils 
and sand dunes are found in places. "Sedentary soils" may be criti
cised. No soil is sedentary in the sense that it does not move. .. Soil in 
place" or preferably "residual soil" more adequately carries the 
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meaning. The relation of soils to underlying rocks, and of crops to 
soils make very instructive points. Considerable mineral wealth is 
found in coal, gypsum, and lithographic limestone in large slabs. 
These of sufficient size to be valuable are not obtainable elsewhere in 
the United States. 

The notes and diagrams on climate are good but disappointing 
because they do not indicate the significance of the condition of the 
meteorologic elements from a geologic point of view. There is little 
utility in giving space in a geologic report to climatic notes unless 
some use is made of them. The climate must have characteristic 
influence on erosion, soil formation, soil transportation, etc. The posi. 
tion of volcanic ash to the eastward of the volcanoes, now extinct, just 
west of the Black Hills shows similarity of winds in the White River: 
time to those of the present time. 

Why cannot the U. S. G. S. reports, in discussing such a region as 
this, have a section on geography? It should embrace most if not 
all of the section here devoted to topography, but should go farther 
with the question, incorporating some that is said under soils, climate, 
water resources, etc., and then discuss the influence of relief, soil and 
water on products, transportation, distribution of plants and animals, 
man, and his various occupations. 

EASTERN iLLINOIS STATE NORMAL SCHOOL, 

Charleston, Ill. 

GEO. D. HUBBARD. 

The High Plains and Their Utilization. By WILLARD D. JOHNSON. 

[Extract from the Twenty-first Annual Report of the U. S. 
Geol. Surv., 1899-1900, Pt. IV, Hydrography; pp. 601-
768; Plates CXII I-CLVI.] 

THE High Plains, as defined in the first chapter, correspond 
approximately to the Central Plains. They form a belt extending 
from central Texas northward across Oklahoma and western Kansas 
into Nebraska, but are more characteristic in Texas because less 
eroded. By topographic difference they constitute a topographic 
unit of the great geographic unit-the Great Plains. The High 
Plains practically have no drainage, hence their surface is in general 
a dead level known locally as the" Flats." 

Chapter II discusses the origin of these plains. They are the 
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remnants of an old d~bris apron built in the latter half of Tertiary 
time, and preserved because of lack of sufficient precipitation to pro
duce run-off. The author takes the ground that this apron of waste 
was deposited and arranged by streams, but shows that the streams 
were not of the ordinary type. A careful analysis of arid region 
stream work leads to the conclusion that" there is no such thing as 
sheet flow" in the sense of a uniform flood of water and waste, but 
that the more or less perfect sheet is "one of intimately lacing threads 
of current." 

The deposits of which the plains are composed are the result of 
this stream work and not of still water work. As proof of the proposi
tion, the author finds the following facts: " 

(I) Wide distribution, at all depths of gravels, which decrease in 
size from the mountains. (2) The size of these coarse materials is 
often that of cobbles. (3) Gravel courses run east and west and are 
cross-bedded-marking the channel courses of eastward flowing 
streams. (4) Sand bed sal so occur in courses elongated east and west 
in the "clays." (5) Interlaced stream beds occur as shown where 
erosion has disclosed them. (6) Even most clay beds are thin and 
elongated east and west. 

Mr. Johnson finds the "mortar· beds" cutting across the local 
bedding of sands and gravels, and he considers the beds to have been 
formed by the cementation of the coarse materials at the level of the 
ground water by salts carried down in the sinking surface water. It 
appears that his explanation of the distribution of water in these 
gravel~ is similar to that of water distribution in the morainic materials 
of Illinois and Indiana, as worked out by Leverett and others, and 
stated by Leverett in the Eighteenth Annual Report of the U. S. Geo!. 
Surv. Pt. IV. 

Chapter III is a discussion of the "deficiencies of climate." The 
climate of the High Plains is described as subhumid. It varies from 
humid to arid through a period of years. The author very properly 
states that the amount of precipitation is not the only factor in deter
mining the climate, or even the arability of a region. The Dakota 
wheat fields actually have less rainfall than the Staked Plains of Texas, 
but the rainfall is more effective in Dakota. In Texas (I) rainfall is 
more spasmodic; (2) temperature is higher, increasing evaporation 
and decreasing relative humidity; (3) there are more hours of sun
shine, and (4) greater wind movement. In the summary he reaches 
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two conclusions which are thoroughly borne out 1>9 the facts and dis
cussion. (a) A truer index of climate than rainfall is relative humid
ity. (b) Observations covering a quarter of a century indicate that no 
change in climate, save that of short-period oscillations, takes place. 
While the High Plains area is a climatic unit, it shows evi~ence of 
agreement in the series of climatic changes through Pleistocene, with 
the Great Basin lake fluctuations, and with the advance and retreat of 
the Rocky Mountain glaciers. 

The fourth chapter gives a graphic picture of the boom of ,1888-
1893, with the subsequent disasters; and some'suggestions as to what 
may be grown on the High Plains. 

Chapter V proves the impossibility of general irrigation within the 
High Plains. The facts are as follows: (1) The rainfall and streams 
are wholly inadequate; (2) the mountain streams frolD the west are so 
loaded with waste that ponds to retain their waters would be exceed
ingly short-lived; (3) all mountain streams must pass through a 
broad, arid, fertile strip amply sufficient to utilize all their waters; (4) 
artesian water in very small quantity is found in the valleys, but the 
entire supply is altogether too small for general irrigation. This 
source, however, is sufficient to furnish water for a garden and ranch 
headquarters at occasional intervals. . 

In the closing pages there is a discussion of the origin of peculiar 
sink holes, and a theoretic explanation of the movements of under
ground waters. This last brings together considerable valuable mate
rial which formerly has been scattered and little known, but it presents 
scarcely anything new. 

The author thus states his purp(lse at the outset, and he accom
plishes his object: "To show that the High Plains, except in insig
nificant degree, are non·irrigable, either from streams, flowing or 
stored, or from underground sources, and that, therefore, for general 
agriculture, they are irreclaimable; but that, on the other hand, water 
frorn underground is obtainable in sufficient amount for reclamation 
of the entire area to other uses; that such reclamation has in fact 
already begun, and is in progress of gradual, but sure development; 
and that it will be universally profitable." 

This paper will be of great service to those in the arid and sub
arid regions, and to those who may contemplate immigration thither, 
because it gives authentic information concerning fertility and water
supply there. But the value of the paper is not alone in its descriptive 
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work. To science the able discussions of causes and effects, of climatic 
relations to geology, geography, and agriculture, of water· supply, etc., 
are the most attractive features. The pages devoted to underground 
water resources are specially strong. The only regret is that the paper 
is not finished. 

GEORGE D. HUBBARD. 
CHARLESTON, ILL. 

Tltt Bauxite Deposits of Arkansas. By CHARI.ES WILLARD HAYES, 

U. S. Geological Survey, Twenty-first Annual Report, Part 

III, pp. 435-472. Maps and plates. 

COMMERCIAL deposits of bauxite have been known in Arkansas 
since 1890, when they were first discovered by the State Geological 
Survey. The present report by Dr. Hayes represents, however, the 
first detailed systematic study of these deposits, and its appearance 
when developments are just beginning. in the area, makes it a very 
timely one. 

Preliminary to the description of the Arkansas deposits proper, 
the report opens with a brief summary of the "distribution of bauxite 
deposits in. the United States." The Arkansas deposits are limited 
to a small area twenty miles long and five or six miles wide, lying 
south and southwest of Little Rock, in the adjacent parts of Pulaski 
and Saline counties. The most important deposits of the state are 
grouped into two districts, with less important isolated ones between. 
The general geologic and physiographic relations of the region are 
recounted in some detail, derived largely, as the author says, from the 
state survey reports. Three distinct groups of rocks are made out, 
namely, the Paleozoic sediments in the northwest, the Tertiary and 
recent sediments on the southeast, and areas of intrusive igneous 
rocks in the two bauxite districts. The Paleozoic rocks are similarly 
folded and closely resemble those of the Alabama·Georgia-Tennessee 
area of the southern Appalachians. The region was probably several 
times reduced to a nearly featureless plain, and sometime after the 
folding, probably, during Cretaceous, the igneous rocks were, accord
ing to Williams, intruded. Beginning with the Cretaceous, the region 
was several times invaded by the sea and Tertiary sediments still form 
a considerable part of the area. 

In the detailed description of the deposits, the two districts are 
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separately described in some detail. and certain peculiarities possessed 
by each are pointed out. The few scattered isolated deposits ar~ 
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In chemical composition the Arkansas bauxite varies within wide 
limits. The granitic type is the purest, and in selected samples con
tains less than 3 per cent. of silica and I per cent. of iron oxide, and 
corresponds in composition to the formula Al20a3H 0 - the tri-
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gested. The characteristic pisolitic structure of the upper portion of 
the deposits indicates chemical precipitation. The granitic bauxite 
forming the lower or basal portions of the beds, and the bowlders, are 
evidently of a different origin. The bauxite was probably laid down 
on the syenite rather than on the kaolin, as there is no indication that 
the kaolin is an intermediate product between the fresh syenite and 
the bauxite. 

In his report on the igneous rocks of Arkansas Dr. J. Francis Wil
liams suggests two theories for the accumulation of the bauxite. 
First, that the bauxite was formed by the decomposition of a bed of 
clastic material, derived principally from the syenite. The second, 
which he regarded as the most probable one, involved the action of 
the waters of the Tertiary sea on the still highly heated igneous rocks, 
in which, under high temperature and pressure, the constituents of the 
syenite were dissolved and brought to the surface in solution, the 
water emerging as hot springs. In the discussion of these theories 
Dr. Hayes points out serious difficulties to both. 

In the last part of the report Dr. Hayes treats of the "Economic 
Relations" under" Development;" "Amount of Ore," which includes 
a tabular statement of the estimate of the amount of ore in the Arkansas 
bauxite region, and, according to the author's calculations, shows the 
total amount estimated in outcrops to be 6,608,500 long tons, and the 
total amount under cover 43,' J 1,200 long tons; "Quality of the 
Ores j" and" Mining and Preparation of the Ore for Market." 

. THOMAS L. WATSON. 
DENISON UNIVERSITY, 

Granville. Ohio. 
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type ; luperfin~ paper. Over 800 pag.... April, 
",,,,,t.d rw,.,..,,4n-.. Sample copy postpaid on re
ceipt of price. Special library edition, '1.25 15c 
Cloth, inlaid cover vanel. • . . . . • • . 

WOrld'1 Bell ProTem 
and Short Qllotations. By Goo. H. Opdyke, M.A. 
Arranged alpbabeticallr. by lu;'jectl. Library 
editi~n. Full leather, ull gilt, 8 en- SI 50 
gravlDgi. • . • • • • . . • • • . . • • 
Cloth edition, illustrated,. . . . . . . . . '1 .• 
The New Celltlll)' Staaclarcl Letter-Writer. 

By Alfred B. Chambers. Models of correct 
society forml, invitations, acceptances, condo~ 
ences; sensible and bright lovc-letten; bow to 
add ...... the President, Memben of the Cabinet 
and high official.. 15c 
Cloth, lpecial design,. . . • • 
Board coven, lpeCiai design. • • • . • • . . 5Ic 

Opie Read's Novels 
The flower of American fiction. New 12mo 

edition of Mr. Read'. belt stories, at popular 
price.: printed on high-grade stock. with coyer 
design in two colors. The best value ever offf'red 
in the copyrigbted works of a popular novelilt. 
Ten different titles. Send lor lilt. Sold 15c 
lingly or in .eta. Per volume, . . . . . 

Staaclarcl .I"ellliel. 
Fi"e IPlendid boob for boys and girls Irom 

seven to seventy Two Chuma, Air Castle Don. 
Tan Pile Jim, Dick and Jack', Adventure •• and 
Rex Wayfand's Fortune. Good, wholesome star· 
ies; elevating in tone. 12mo. Unilorm 15c 
cloth binding. Per volume.. • • . . . . 

II teatiloqulo de SaatWaaa, 
The poem of tbe agn. Written in 1444 for the 

&Didance of the Spanish crown prince. Every 
lrudent of Spanilb Ibould l'ossess tbis exquisite 
work. Full Spanilb text, WIth English clossary. 
Also eigbty Spanish j>roverbl with Enclish tranl
Iationl. Red Line Souvenir Edition. SI 00 
Cloth, with inlaid cover panel, ... • 

Modem Wehter Dictionary. 
Printed from new type. M,OOO wordl. with 

mOle recentir coined, and definitionl. 482 pp. 
Illustrated. LarlIely uled in scbools. . Recom
mended by College Prnidentl and Superinten
den tI. Stiff cloth. red edgel, • • • • • . • • 25c 
Stiff silk cloth, indexed, . . • • • • • • • . . 5Ic 
flexible leather, full gilt, S I 00 
mdexed, •••..•.....••. • 

Abo 1IIdt.oarIw .. r .... ....,.., ... 

ror Sale by Leadma 100kaeUerL or mailed cllrect. IUulllrated Catalo&ue free. 

LAIRD 4 LEE, Publishers, CHICAGO, U.S.A. 
Digitized by Goog Ie 
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"A Weekly Fea.t to Nouri.h HuDcry .. ,Dd .... -N. Y.E" •• plist. 

POUIIDED a,. E. LITTELL III ,~ 

Tnt L(V1NG AGE 
THE LIVING AGE presents the cream of foreIgn periodical literature, and reprints without 

abridgment the most noteworthy essays, t,av~1 u~tt:lus,ficti01l, sorial a"d jJoIitical ""lNrs, and dis· 
cussions of litwary. artistic, and sd",li/ic subjects from the leading quarterlies, monthly magazines 
and reviews, and literary and SCIentific weekly journals. 

THE LIVING AGE holds:,- uDique position in ~e periodic.al world as a weekly 
eclectic magazIne. Intelligent Amencans who want pre· 

sented to them from week to week the most important and timely articles from foreign periodicals 
find what Ihey want in THE LIVING AGE, a"d ca" fi"d it "0fII"~'~ ~/s,. 

Special Announcement to New Subscribers for l:Q02 

FREE I To all New Subscribers to THE LIVINO AOE for the lear 1902 there will be 
sent FREE, until the edition is exhausted, the SEVENTEEN WEEKLY 
ISSUES for the four months September, October, November, and December, 1901 . 

... 5BND AT ONCB AND 5BCU~B ADV ANT AOB OP THI5 SPLBNDlD OPFBR 
P. O. Box 5206 THE LlVINO AOE COMPANY, BOSTON 

SUBSCRIPTION PRICE, SIX DOLLARS A YEAR. SINGLE lroJIBJUl, FIPTBBlI CBlIT8 

THE LlVINO AOE COMPANY, P. O. 80115106 •• 3~ Bromfield St., Boston 

ONECENT~ 
For Ten Weeks' Subscription 

PUBLIC OPINION is now an indispensable 32-
page weehl". magazine, comprising in its ~2 l •• ues 
a grand total ~ over 1100 pages ~ reading _at
ter. and over 1000 illustrations. including repro
ductions 0:/ the cleverest current cartoons. Its 
readers. independent 0:/ other periodicals. are full,,
abreast ~ the time ••• uflcientl". well posted to dis
cuss with intelligence all sides 0:/ ever;y question 
0:/ the hour. whether political. social. religious. 
educational. scienti6c. 6nancial. literar;y. or artistic. 

PUBLIC OPINION'S 6eld is as wide as the range 
0:/ human interest.. It is read b". more represent
ative people than an,,- other wee hI". magazine. In 
addition to its own editors. ite stall comprieel5 the 
editors 0:/ the 3000 dailies. weehlies. and _onth
lies required to produce ODe weekI". is.ue ~ 
PUBLIC OPINION. , , , , , 

THIS SPECIAL INTRODUCTOI\.Y Orr~R .1v_ 70U t.ft n_be 
.bout 330 p •••• (r •• ular pric •• $1.00). lor the prlce ~ on.l •• u. (t.n cental-the 01 

~ po.t.g.. Send.t once 70~'" ...... __ , .. a..a.. .... _ ....... <1. ten c.nts (coin or .t .... p.1 to 

PUBLIC OPINION. 
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NEW EDITION. 25,004 
Prepared UDde1' the direct luperv!alon or W. T. HARRIS. Ph.D., I 
Commi .. loD~r or Educltlon, -...toted by I l&fee carpi of c. 

New Plate. Throu.bout. Rlcb aladl ..... 2364 P..... 501 

An Ideal Christmas Presel 
Abo Webster's Collegiate Dic:tiomuy .. ith .. yaluable Sec 

Wild calli ... pl_ uk to _ Mr. Or ... t 

BOOKS AT 

UBERAL DISCOUNT 
7JEFORE 7JUYING 7JOOKS, 

WRITE FOR QY01A'TIONS 

An. assortment of catalogues 
and special slips of Books 
at reduced prices sent for 
to-cent stamp. • • • • • 

To the Reader:-
Please remember tbat whenever you need a 

BooK or any information about BooKS, If you 
will address me, I will try to please you by at
tention and low prices. 

Write me of your wants, or call and inspec:l 
stock, and in either case I will make you 
SPECIAL PRICES. 

F. E. GRANT, 
23 W. 42d Street, 

NEW YORK. 
Mention thi. Advertisement and receive a Discount. 

THE ~PF 
OF.TH: 

COl 
By WILLIA 

RECAST frol 
ered befol 
cationalA 

ton, South Can 
The substance I 

given as a coun 
University of CI 

S2mo, paper, 25c: (I 
of price b~ 

T~ Univusit! 
CHICAG 

A ellMjllU Catal4 ,.1,,,.11. 

1R.. In. ·IDonnelle~ & $, 
ttbe 1a"esf~e 'Press 

PRINTERS AND BINDER~ 

THB PRINTING OF BOOKS DEMANDING TASTE AND CAREFUL 
TION, PRIVATE EDITIONS, COLLEGE CATALOGUES AND Atffi 
SPECIALTY. WE PRINT MORE FtNE BOOKS THAN ALL OTHER 
WEST OF NEW YORK. OUR NEW FACTORY. RUN ENTIRELY E 
TRICITY, IS TRE MOST ADVANCED PRINTINO PLANT IN THB C( 
THE LAKESIDE. PRES~ '&\.'DO., 'i'\"'l~(}'\l't"" .... l... ... t'C., t(}'i.. 'l(}\.1L, C 



Blenner hassett 
A Thrilling RODlance 

OF AN I NTENSELY DRAllfATIC FLA VOR 

.. Nearly eYuy chapter I. full of IncideDt ..,d _IOD 
.n.d ,her~ .~ dramllic: louch .... which dllplll' 6n" 
lillOtV)' .kill. Th" Author's caDvll I. crowded with 
fntc.restJI!I ~nan.aees of imparl alice . 

•• Mr. Pidein h. Kre.tI)' IDCrusecI our r.,.""",1 fOT 
Burr, Ind hll..,' "" .h1nltiDK. 

"11 Ihe hiltoricol navel i. 10 remajD I lUted inltiou . 
• ioll. wcoh.1I be happy 10 Ke it like 'h~ larm "I war" 
.imillr to Blcoacfb.8ucu,n-Rr'cI""""d DiljlJtclt, 
S.;I.",,,,,. 'S.'QtJI. 

12 Ful/·pare !llustrations. Price $1050 

By CHARLES FELTON PIDGIN, author of 

Quincy Adams Sawyer 
U The. beal New Eorl.od .tory «e:r wrtiuen. I ' 

Now NearinK ill Two-;"",nd,..,,!;, TllousaHd 

AT ALL BOOKSELLER~ 

In preparation MISS PETTICOATS 

If you have not read II Home 
Thoughts" you have missed the literary 
treat of the year. A notable critic com
pares its style to that of Washington 
Irving and George Wm. Curtis. It 
isn't a continuous story, you can read a 
chapter at a time. Exceedingly inter
esting in every line, it touches deeply 
that which is nearest and dearest to us 
all. The relations of husband and wife, 
parent and child, and the broad field of 
home life give the chief themes. No 
recent book is so valuable as a help 
to right thinking and right living as 
II Home Thoughts." 

FOURTH EDITION IN PRESS. CLOTH, II.SO 

THE BEST GIFT BOOK IS 

Home 
Thoughts 

By "e" 

ON. A. H. B ... ol'01lo uyo: .. One of the laDeS!, soundest, 
aad mOlt helpful boob of the kind thai I ever read." 

.sold b7 All Book •• II ••• S.Dt. Po.tpald. b7 

A. S. BARNES CIl. CO., 156 Fifth Av., New YorK 
OUR CATALOGUE FREE TO ANY ADDR!.SS 

Digitized by \...:.oog 1 e 



This A' 
Cal 

.. CJhe 'PruJelltiJl Girl of 1M}" 

for 190~ 
printed i 
size 10: 
combine: 
beauty; 
wall de, 
home or 
free. F 
mail cou 

The Prudet 
Life Insurance Policy is a 
generous and welcome 
Christmas gift, assur
ing your family of 
future comfort. 

Wrik fo~ information /Hpt.25 

The Prudential 
Insurance Co. of America 
JOH~ F. DRYDEN. HOME OFFICE : 

PresldeDI. 
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